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1EINFÜHRUNG
Staphylococcus aureus ist eine der wichtigsten Erreger der Osteomyelitis und von
Infektionen orthopädischer Implantate. Infektionen von Gelenkprothesen sind 
schwerwiegende Erkrankungen. Es wird oft notwendig, das Implantat zu entfernen und 
später durch eine neue Prothese zu ersetzen. Das bedeutet aufwendige und nicht zuletzt 
auch risikobehaftete Eingriffe sowie langfristige Antibiotikagaben. Außerdem ist S. aureus 
virulenter als andere Erreger derartiger Infektionen, was ein besonderes Risiko für septische 
Verläufe, die bis zum Tode führen können, bedeutet.
In der vorliegenden Studie sollten S. aureus-Isolate aus Osteomyelitisherden und infizierten 
orthopädischen Implantaten charakterisiert werden. Ziel war es zu prüfen, ob bestimmte 
Stämme oder bestimmte Virulenzfaktoren mit einem höheren Risiko solcher Infektionen 
korrelieren. Außerdem sollte untersucht werden, ob die Keime endogenen oder exogenen 
Ursprungs sind, d. h., ob sie aus dem Patienten selber oder aus der Umgebung, wie z. B. 
dem Operationssaal oder vom Operationsteam, stammen. Für diese Untersuchungen 
wurden DNA-Arrays eingesetzt, die es ermöglichten, alle relevanten Virulenzfaktoren in 
einem Versuch nachzuweisen und über das gesamte Profil eines Isolates eine Art 
„genetischen Fingerabdruck“ zu erheben.
Von den untersuchten Virulenzfaktoren konnte für Staphylokinase (sak) ein Zusammenhang 
mit der Invasivität der Isolate nachgewiesen werden. Einige weitere Toxine waren ebenfalls 
bei Patientenisolaten häufiger nachweisbar als in der Kontrollgruppe. Sie waren aber 
insgesamt zu selten, um als signifikante Risikofaktoren für Osteomyelitis und 
Implantatinfektionen angesehen zu werden. Es konnte gezeigt werden, daß die 
Populationsstruktur klinischer Isolate aus Fällen von Osteomyelitis und Implantatinfektionen 
in etwa derjenigen aus Abstrichen von gesunden Trägern entspricht. Demzufolge gibt es 
keinen auf diese Art von Infektionen spezialisierten Stamm oder Klon von S. aureus. 
Durch parallele Untersuchungen von Infektionen von Knie- oder Hüfttotalendoprothesen und 
Nasenabstrichen der gleichen Patienten konnte gezeigt werden, daß der Anteil der S. 
aureus-Träger bei diesen Personen mindestens doppelt so hoch liegt wie in der 
Normalbevölkerung. Die Typisierung der Isolate ergab, daß in vielen Fällen die Isolate aus
Nasenabstrichen und den infizierten Endoprothesen identisch waren. Dies weist auf den 
endogenen Ursprung dieser Infektionen hin. Daher werden ein präoperatives Screening und 
gegebenenfalls die Eradikation von S. aureus empfohlen, um das Risiko endogener 
Infektionen zu verringern.
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3ABSTRACT
The objective of the study was to determine if a clonal complex (CC) of Staphylococcus 
aureus or certain virulence and adhesion factors were associated with infections of bones 
and prosthetic implants. 119 isolates were characterised using microarrays.
There was no evidence for a single virulence factor or CC being causative for bone and 
implant infections. Isolates belonged to 20 different CCs with CC8 (19.33%), CC45 (17.65%) 
and CC30 (12.61%) being dominant. Population structure and relative abundances of 
virulence genes was similar to previously described isolates from healthy carriers. 
Differences to carrier isolates included a higher proportion of CC45, a lower proportion of 
CC15 as well as a higher abundance of sak (staphylokinase) among patient isolates.
For 23 patients with infections of total knee or hip prosthetics, it was possible to 
simultaneously obtain nasal swabs. Fifteen (65.2%) carried S. aureus in their anterior nares. 
In nine of them (39.1%), isolates from the infection site were identical to carriage isolates. 
This suggests an elevated risk of infection for S. aureus carriers and the possibility of 
endogenous infection in a high proportion of them. Therefore, pre-operative screening and 
eradication of S. aureus in patients receiving total joint prosthetics should be considered. 
4INTRODUCTION
Infections of bone tissue are a highly relevant issue in orthopaedics and trauma surgery. Due 
to comparatively poor blood circulation, infecting bacteria are well protected against the host 
immune defences as well as against intravenously administered antibiotics. Thus, these 
pathogens are able to cause protracted or chronic infections which can hardly be cleared by 
the host and which pose a therapeutic problem. Additionally, foci of infection can easily 
decrease the mechanical stability of the bone resulting in pathological fractures. Other 
complications include secondary bacteraemia and sepsis or deformation and ankylosis of 
joints resulting in permanent disability. An especially critical problem is the infection of joint 
endoprostheses. Because of the increasing average age of the population in industrialised 
countries, the number of patients carrying such prosthetics, including total knee arthroplasty 
(TKA) and total hip arthroplasty (THA), is steadily increasing. The infection of a TKA or THA 
is arguably one of the most difficult problems in orthopaedic surgery. For the patients, these 
infections mean a protracted illness with an uncertain outcome, while the hospital must deal 
with an incalculable economic risk.
While a variety of bacteria can cause bone infections, Staphylococcus aureus is one of the 
most relevant causes of bone infections. It is common, with about 25% of a population being 
asymptomatic carriers. S. aureus carries a variety of different virulence and adhesion factors 
which might be of relevance in this kind of infection. It harbours, for example, superantigenic 
toxins some of which are called enterotoxins as they can also cause food poisoning. Isolates 
from osteomyelitis have been found to commonly produce enterotoxins [1]. Another 
superantigen, toxic shock syndrome toxin (encoded by tst1), is known to cause septic 
polyarthitis in an animal model [2]. A recent study emphasised the role of a bi-component 
leukocidin (Panton-Valentine leukocidin) in cases of osteomyelitis and arthritis [3]. S. aureus
also carries several different adhesion factors, so called microbial surface components 
recognising adhesive matrix molecules of the host (MSCRAMMs, [4]). Because of the 
presence of a variety of toxins [5,6], it can be regarded as more virulent than most other 
bacteria causing infections of bone and joint endoprostheses such as coagulase-negative 
staphylococci. Its ability to form biofilms [7] and to persist in bone as metabolically less active 
small colony variants [8-11] as well as its tendency to acquire drug resistance are obstacles 
to effective antimicrobial chemotherapy. For these reasons, infections caused by S. aureus 
usually require aggressive therapy approaches, i.e., removal and delayed re-implantation 
[12] accompanied by long term antimicrobial chemotherapy.
5Because of the high number of bacterial genes involved, it would be extremely laborious to 
use PCR in order to genotype clinical strain collections in detail. For that reason we 
employed microarrays (StaphyType by CLONDIAG) to detect ca. 180 relevant genes (and 
alleles thereof) in patient isolates from the Dresden University Hospital. Thus it was possible 
to simultaneously detect species markers, resistance genes, genes encoding exotoxins and 
adhesion factors as well as SCCmec, capsule and agr group typing markers. Furthermore, it 
was possible to assign the isolates to clonal complexes based on analysis of hybridisation 
patterns and comparison to a database of previously MLST-typed reference strains [13,14].
MATERIALS AND METHODS
Bacterial isolates and DNA preparation
119 S. aureus isolates were obtained from routine diagnostics at the Dresden University 
Hospital. All aspirates and intraoperative swabs were considered for which a diagnosis of 
osteomyelitis, Brodie abscess, or of infections of TKA, THA or other implants (osteosynthesis 
with any metal plates, pins, rods, wires or screws) was determined. Isolates were collected 
consecutively in 2005-2006. Isolates from implant infections, for which parallel nasal swabs 
were taken, were obtained consecutively in 2008-2009. After exclusion of copy strains 
(multiple, completely identical isolates from one individual patient), 119 isolates from 117 
patients with a variety of bone infections were characterised. This included 46 cases of 
foreign body infections, two cases of infections of bone transplants, fourteen intraosseous 
abscesses as well as three cases of skin/soft tissue infections with involvement of the bone 
and ten cases of bursitis. For 26 patients with TKA or THA infections, it was possible to 
obtain additional nasal swabs. Sixteen of them yielded S. aureus. Details on diagnosis and 
provenance for each single isolate are provided in the supplemental file.
S. aureus were cultured and subjected to conventional identification (Gram stain, catalase, 
coagulase, DNAse assays) as well as to biochemical profiling and susceptibility tests using 
an automated commercial system (VITEK-II, BioMerieux, Nuertingen, Germany). For 
microarray hybridisations, sub-cultures of single colonies were grown on Columbia blood 
agar and incubated overnight at 37°C.
Lysis procedures and protocols have been described previously [13,14]. In short, culture 
material was suspended in a lysis buffer (lysostaphin, lysozyme, ribonuclease A, TRIS/HCl, 
6Triton X-100 and water). After 45 min of incubation on a shaker proteinase K and buffer AL 
(both from kit DNeasy, QIAgen, Hilden, Germany) were added. After another incubation step, 
the sample was processed using the QIAgen tissue lysis kit. Finally, the quality of DNA 
samples was checked using concentration measurement at 260 nm. Gel electrophoresis and 
ethidium bromide stain were performed to prove that DNA was neither fragmented nor 
contaminated with RNA.
Array procedures
The DNA array as well as protocols and procedures have been previously described in detail 
[13,14], and is now commercially available (StaphyType by CLONDIAG). The array covers 
334 target sequences which correspond to approximately 180 distinct genes and their allelic 
variants. Target genes (as well as hybridisation results) are listed in Supplement 1. The 
primer and probe sequences have been published previously [13,14] or can be provided on 
request.
DNA samples were used as templates in a linear primer elongation using one primer per 
target. All targets were amplified simultaneously, and within this step, biotin-16-dUTP was 
incorporated into the resulting amplicons. The amplicons were then hybridised to the 
microarray followed by washing and blocking steps. Next, horseradish-peroxidase-
streptavidin conjugate was added. After the incubation and washing steps, hybridisations 
were visualised by adding a precipitating dye (Seramun Green, Seramun, Heidesee, 
Germany). Finally, an image of the microarray was taken and analysed using a designated 
reader and software script (CLONDIAG, Jena, Germany).
The affiliation of isolates to clonal complexes (CC) and/or to sequence types (ST) as defined 
by multi-locus sequence typing (MLST, [15]) was determined by an automated comparison of 
hybridisation profiles to previously MLST typed reference strains [13,14]. Generally, the array 
allows identifying clonal complex affiliations, but cannot discriminate sequence types which 
differ in mutations affecting MLST genes (such as ST5 and ST225). However, sequence 
types which probably originate from gene transfer or hybridisation events can yield 
characteristic hybridisation patterns, allowing their discrimination. An example is ST239, 
which is derived from CC8 [16], but which yields a clearly discernible hybridization pattern 
[14].
7RESULTS
Affiliation to CCs and strains
Isolates belonged to 20 different CCs (as defined by MLST, [15]; http://saureus.mlst.net/). An 
overview of clonal complex affiliations is provided in Table 1.
The most common CC was CC8 (19.3%, no MRSA, no PVL-positive isolates). Two of these 
23 isolates displayed divergent hybridisation patterns. However, they belonged to sequence 
types which are part of CC8 according to the MLST database (http://saureus.mlst.net/). One 
of these isolates yielded a hybridisation pattern as previously described [13,14] for ST239, 
but lacked any SCCmec-associated genes. Spa-typing of that isolate was not possible since 
spa primers [17] failed to detect the spa gene region used for sequencing. The spa-specific 
probe also failed to yield a hybridisation signal. The other atypical CC8 isolate belonged to 
ST72 which differs from other CC8 in several features such as the presence of the 
enterotoxin gene cluster egc (seg, sei, sem, sen, seo, seu) and the presence of different
alleles of several adhesion factors (fnbB, sasG, sdrC, sdrD, vwb).
The second most abundant CC was CC45 (17.6%). This included 20 MSSA isolates and one 
ST45-MRSA-IV („Berlin Epidemic MRSA“). There were no PVL-positive CC45 isolates.
Other common clonal complexes were CC30 (12.6%, no MRSA, no PVL), CC101 (7.6%, no 
MRSA, no PVL) and CC5 (6.7%, no PVL-positive isolates but including one isolate of ST228-
MRSA-I, “South German Epidemic MRSA” and three isolates of CC5-MRSA-II, “Rhine-Hesse 
Epidemic MRSA/UK-EMRSA-3”).
All other isolates belonged to a total of fifteen different CCs, with all of them comprising less 
than 7% of isolates (Table 1). Two of these isolates were MRSA, belonging to ST22-MRSA-
IV („Barnim Epidemic MRSA/UK-EMRSA-15“) and ST80-MRSA-IV (“European community 
acquired MRSA clone”), respectively.
The four PVL-positive isolates belonged to CC22-MSSA, ST80-MRSA-IV, ST96-MSSA and 
CC121-MSSA. The tst1-positive isolates belonged either to CC30-MSSA (twelve isolates) or 
ST426-MSSA (two isolates).
8Virulence factors 
The complete microarray hybridisation data are provided as a supplementary file.
The most abundant enterotoxin genes were those of the enterotoxin gene cluster egc (seg, 
sei, sem, sen, seo, seu) which were present in 62 out of 119 isolates (52.1%). Other 
common virulence factors included the genes encoding enterotoxins C and L (sec and sel; in 
twenty isolates, 16.8%), enterotoxin B (seb; ten isolates, 8.4%), toxic shock syndrome toxin 
(in fourteen isolates, 11.8%), and an enterotoxin homologue (ORF CM14, GenBank 
U10927.2, in eleven isolates, 9.2%).
Most isolates carried beta-haemolysin integrating phages with the beta-haemolysin gene hlb 
being truncated or interrupted in 115 isolates (96.6%). Among phage-borne genes, 
staphylokinase (sak) was most common with 108 (90.8%) being positive. Two distinct alleles
of enterotoxin A were found (sea in 16 isolates, 13.4%, and sea-N315 in fourteen isolates, 
11.8%).
PVL genes were found in four isolates (3.4%). These patients suffered from a phlegmone of 
the knee, a postoperative abscess of the femur, a knee empyema after contact with family 
members carrying the same PVL-MRSA, and from bursitis, respectively.
The bi-component leukocidin homologue lukD+lukE were found in 75 isolates (63.0%). 
However, isolates of CC15, CC101 and ST426 yielded signals with only one out of both 
components which might be indicative of the presence of deviant, yet un-sequenced alleles. 
CC9, CC30, CC45 and CC59 were generally negative for lukD+lukE, as well as the single 
isolate of ST228-MRSA-I.
The ACME-locus (arginine metabolic locus, arcA, arcB, arcC, arcD) was found in three 
isolates (2.5%) all of them being CC8-MSSA. Exfoliative toxins were rare (etA in three 
isolates, 2.5%, and etD in nine isolates, 7.6%). These isolates where not associated with 
symptoms of the scalded skin syndrome. EtD was always accompanied by edinB (epidermal 
cell differentiation inhibitor B), being detectable in all CC25 and CC80 isolates.
Biofilm genes and capsule types 
Biofilm-related genes icA, icC and icD were detected in all isolates, whereas another biofilm-
associated gene, bap, was always absent. The more predominant capsule type was 8 
(capH8, capI8, capJ8, capK8). It was found in 71 isolates (59.7%) belonging to CC7, CC12, 
9CC15, CC30, CC45, CC59, ST80, CC88, ST96, CC101, CC121, ST239 and ST426. All 
remaining isolates belonged to capsule type 5. Capsule type 1 was not detected.
MSCRAMM genes
The presence of two MSCRAMM genes, cna (encoding the collagen adhaesin) and sasG
(gene for S. aureus surface protein G) showed a clear relation to clonal complex affiliations. 
Cna was detected in 52 isolates (43.7%) which all belonged to CC12, CC22, CC30, CC45, 
CC96, CC121, ST239 and ST426. Except for a single cna-negative ST426 isolate, all 
isolates of these clonal complexes were positive for this gene. SasG was present in 50 
isolates (42.4%). It exclusively occurred in CC5, CC8, CC15, CC22, ST49, CC59, ST80, 
CC88 and ST96.
All other MSCRAMM genes (bbp, clfA, clfB, ebh, ebpS, eno, fib, fnbA, fnbB, map, sdrC, sdrD 
and vwb) essentially were found in all clonal complexes. However, in many cases allelic 
variants could be recognised which were specific for certain clonal complexes. In a small 
number of isolates, deletions occurred. For instance, bbp was absent from a small number of 
CC12, CC25, CC30 and CC45 isolates although it was detectable in a majority of isolates 
belonging to these clonal groups.
Resistance genes
The most abundant resistance marker was the beta-lactamase operon (blaZ, blaI, blaR) 
which was present in 64.7% of isolates. SCCmec elements were rare; seven isolates (5.9%) 
were mecA-positive and, phenotypically, methicillin-resistant. Interestingly, five methicillin-
susceptible isolates carried ccrA/B-4 genes without being mecA-positive (CC8). 
Erythromycin/clindamycin resistance genes ermA and ermC were present in seven (5.9%) or 
eleven isolates (9.2%), respectively. Genes encoding aminoglycoside modifying enzymes 
were rare. The gene responsible for gentamicin/tobramycin resistance, aacA-aphD, was 
found in four isolates (3.4%), one of them being a MRSA (ST228-MRSA-I). The tobramycin 
resistance gene aadD was detected in six isolates (5.0%), including two isolates of the CC5-
MRSA-II. The genes aphA-3+sat (a transposon encoding resistance towards neo-/kanamycin 
and streptothricin) was present in three isolates (ST45-MRSA-IV, ST228-MRSA-I, and ST80-
MRSA-IV). Other rare resistance determinants included tetM (in two isolates, 1.7%), tetK
(four isolates, 3.4%) and far1 (one isolate, 0.8%, ST80-MRSA-IV).
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Comparison of TKA or THA isolates to nasal swab isolates
For 23 patients with S. aureus infections of total knee or hip prosthetics, it was possible to 
obtain nasal swabs in order to detect and type possible S. aureus carriage strains (Table 2). 
Fifteen of them (65.2%) carried S. aureus in their anterior nares. 
Five patients (21.7%) had one strain in the arthroplasty, but another one in the nasal swab. 
The arthroplasty of one patient was infected with two CC25 strains which, however, were 
identical in all markers except for the beta-lactamase operon. This patient carried a 
completely different strain in the nose. 
In eight patients (34.8%), strains from the infection site were identical to the carriage isolates. 
In one additional case, two strains (CC8- and CC97-MSSA) were found at the site of the 
infection. The CC8-MSSA was identical to one out of two different CC8-MSSA strains also 
found in his nasal swab.
DISCUSSION
When genotyping S. aureus isolates from bone and prosthetics infections, a wide variety of 
exotoxin genes and virulence factors was detected. While the staphylokinase gene sak and 
the enterotoxin gene cluster egc were present in a majority of isolates, none of the “classical” 
enterotoxin genes or PVL were conspicuously common.
In order to assess the significance of virulence factors, their relative abundances were 
compared to data on S. aureus isolates obtained from healthy carriers from the same 
geographical area [18]. Clear differences affected only staphylokinase (sak), PVL genes and 
enterotoxin B (seb). The gene encoding staphylokinase (sak) was detected in 71.6% of 
carriers [18] and in 90.8% of patients. It was found in 83% of SSTI isolates [19]. Thus, the 
presence of sak might be related to a higher invasiveness of S. aureus in humans. 
Staphylokinase forms complexes with plasminogen resulting in the formation of active 
plasmin which, as a proteolytic enzyme, might indeed facilitate the entry of staphylococci into 
the deeper host tissues [20]. Interestingly, sak is situated on a prophage which integrates 
into the beta-haemolysin gene [21-23]. Therefore, infection of a S. aureus isolate with a 
phage has an impact on virulence and plays a role in determining the course of the 
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interaction of S. aureus with its human host. By transmission of sak, the phage apparently 
compensates for any adverse effects it might cause, such as the inactivation of the beta-
haemolysin. PVL was detected in 0.65% of carriers [18], but in 3.36% of patients. This 
means, it is associated with clinical disease but it is by far too rare to be the sole significant 
factor in pathogenesis of bone infections. It is known to be highly associated with skin and 
soft tissue infections [24] being detectable in as much as 30% of abscess isolates [19]. 
Indeed, the four patients with PVL-positive isolates from the present study had soft tissue 
infections encroaching the bone. The enterotoxin B gene seb was found in 3.9% of carriage 
[18] but in 8.4% of patient isolates. This could also mean that it was associated with disease, 
but too rare to be the sole factor responsible. Concerning other virulence factors as well as 
capsule types, differences to carrier isolates [18] were insignificant. Some enterotoxins were 
slightly more common in patients (sea, egc, ORF CM14), whereas others were more 
prevalent in carriage isolates (tst1, sed+sej+ser). Several MSCRAMM genes were also more 
common among healthy carriers (bbp, sasG, sdrD.
A wide range of different clonal complexes of S. aureus was found to be involved in bone 
infections. Altogether, twenty different CCs were detected. When comparing CC affiliations of 
bone isolates to typing data on S. aureus isolates obtained from healthy carriers from the 
same geographic area [18], generally a similar pattern can be observed. CC8 and CC30 
dominate in both populations. CC15, which was very common (16.77%, [18]) among healthy 
carriers, was rather rarely detected in bone infections (5.88%). This could indicate a 
comparatively low virulence or a lesser potential to cause invasive infection. Noteworthy is 
that not a single CC15 isolate was found to carry sak. On the other hand, CC45 was more 
common among bone infections than among healthy carriers [18]. Since there was no 
obvious difference in toxin carriage, this observation could theoretically be related to the 
presence of a gene or gene cluster which was not yet covered by the DNA array. Another 
explanation could be a different regulation or expression of a virulence factor which was also 
found in other strains. This could be clarified by expression studies. Another possibility could 
be a difference in physiology, such as a better ability to cope with anaerobic conditions or to 
form small colony variants (SCV). Thus, it would be interesting to type known SCV lines in 
order to determine the prevalence of CC45. A potentially higher invasiveness of CC45 
deserves further study, especially because there are important epidemic MRSA strains from 
that lineage (CC45-MRSA-II, CC45-MRSA-IV).
The similarity of population structures of S. aureus isolates from healthy carriers [18] and 
patients suggests either an endogenous infection, or (in case of surgical patients) an 
iatrogenic transmission. A local transmission of skin flora during the surgical procedure might 
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play a role in, e.g., S. epidermidis infections, but S. aureus usually does not colonise intact 
skin [25]. When typing isolates from total knee or hip prosthetics in parallel to nasal swab 
isolates, in as much as 65% of these patients a nasal colonisation with S. aureus was found.
This is a higher proportion than in a normal population (about 30%, see [26]). Approximately 
half of these carriers had the same strain in the site of the infection as in their anterior nares. 
Therefore, we assume that a low level bacteraemia originating from colonised body sites 
might contribute to endogenous infections, especially under stressful conditions such as 
during major surgery. However, a high proportion of patients did not carry S. aureus at all, or 
they had other strains in their nares than at the infection. It would be premature to assume 
that all these infections originated from the colonising flora of the surgical staff. This might 
certainly happen in some cases, as patient O-109 from Table 2 who had a typical hospital 
associated MRSA strain in an arthroplasty infection (ST5-MRSA-II, which is one of the 
predominant strains in the region where the study was conducted [13]). The high proportion 
of S. aureus carriers among patients with TKA/THA infections might indicate that these 
people could more easily be colonised or infected by S. aureus than the average population. 
They also could carry multiple strains, which might not all have been detected by taking a 
single nasal swab, or they might be colonised at other body sites. In order to resolve this 
issue, it would be necessary to follow a large patient sample over a rather long time-span 
and to obtain multiple and repeated screening samples of patients as well as of surgical staff. 
Since TKA/THA infections are not that common, a prospective study would be extremely 
elaborate and time-consuming. An easier option would probably be just to intervene pre-
emptively. These measures would include detection and eradication [27,28] of any S. aureus
carriage among patients prior to orthopaedic surgery. Since S. aureus carriers appear to be 
especially at risk, the prolongation of perioperative antibiotic prophylaxis and the use of 
additional techniques for decreasing the risk of infection (adhesive incise drape, jet lavage, 
laminar flow etc.) should be considered. Finally, staff surveillance should target not only 
MRSA, but any S. aureus.
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CC30 CC30-MSSA 15 12.61





CC25 CC25-MSSA 8 6.72
CC15 CC15-MSSA 7 5.88




CC7 CC7-MSSA 3 2.52
CC121 CC121-MSSA 3 2.52
CC9 CC9-MSSA 2 1.68
CC49 CC49-MSSA 2 1.68
ST426 ST426-MSSA 2 1.68
CC20 CC20-MSSA 1 0.84
CC59 CC59-MSSA 1 0.84
CC80 ST80-MRSA-IV 1 0.84
CC88 ST88-MSSA 1 0.84
CC96/154 ST96-MSSA 1 0.84
CC97 CC97-MSSA 1 0.84
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TABLE 2: PARALLEL TYPING OF ARTHROPLASTY AND NASAL SWAB ISOLATES
Patient ID Arthroplasty Nasal swab
O-103 CC20-MSSA CC5-MSSA
O-105 CC22-MSSA Identical CC22-MSSA
O-106 CC25-MSSA and CC15-MSSA No S. aureus detectable
O-107 CC8-MSSA Identical CC8-MSSA
O-108 CC8-MSSA Identical CC8-MSSA
O-109 ST5-MRSA-II CC30-MSSA
O-110 CC8-MSSA Identical CC8-MSSA
O-111 CC15-MSSA Identical CC15-MSSA
O-112 CC45-MSSA Identical CC45-MSSA
O-113
Two different CC25-MSSA isolates 
(differing only in presence of blaZ
operon)
CC8-MSSA
O-114 CC101 Identical CC101
O-115 CC97-MSSA and CC8-MSSA
Two different CC8-MSSA, one of 
them identical to the CC8-MSSA 
from the arthroplasty
O-116 CC8-MSSA No S. aureus detectable
O-117 ST49 Identical ST49
O-118 CC7 ST5-MRSA-II
O-119 CC8-MSSA No S. aureus detectable
O-120 CC30 No S. aureus detectable
O-121 CC72 No S. aureus detectable
O-122 CC12 No S. aureus detectable
O-123 CC15-MSSA No S. aureus detectable
O-124 CC45-MSSA CC8-MSSA
O-126 CC45-MSSA No S. aureus detectable
O-127 CC30-MSSA CC22-MSSA
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KORRESPONDENZ MIT DEM EDITOR
HINWEISE DES EDITORS UND DER GUTACHTER
On Sat, 1/9/10, Editorial Office EJCMID <EJCMID@springer.com> wrote
Subject: EJCMID: Your manuscript entitled Molecular fingerprinting of Staphylococcus 
aureus from bone and joint infections To: monecke@rocketmail.com
Date: Saturday, January 9, 2010, 3:47 PM 
Ref.: Ms. No. EJCMID-D-09-00577 Molecular fingerprinting of Staphylococcus aureus from 
bone and joint infections 
European Journal of Clinical Microbiology & Infectious Diseases 
Dear Dr. Monecke, Reviewers have now commented on your paper. You will see that they 
are advising that you revise your manuscript. For your guidance, reviewers' comments are 
appended below. If you decide to revise the work, please submit a list of changes or a 
rebuttal against each point which is being raised when you submit the revised manuscript.
Your revision is due by 08-02-2010. To submit a revision, go to http://ejcmid.edmgr.com/ and 
log in as an Author. You will see a menu item call Submission Needing Revision. You will 





European Journal of Clinical Microbiology & Infectious Diseases Reviewers' comments: 
Reviewer #1: General Comments: This manuscript describes an investigation of a collection 
of 119 Staphylococcus aureus isolates from bone and prosthetic joint implant-associated 
infections using DNA microarrays capable of detecting approximately 180 genes. The study 
was undertaken in order to determine whether isolates from such infections exhibited any 
characteristic pattern of virulence-associated genes or belonged to particular clonal 
complexes. Overall the study is worthwhile in my view and will be of interest to readers of the 
European Journal of Clinical Microbiology and Infectious Diseases. 
However, the manuscript needs to be thoroughly edited for impact, clarity and English 
language use. Parts of the manuscript are ambiguous and difficult to understand. There are 
also a number of other points that need to be addressed as detailed below. 
Specific Comments: 
(1). Introduction, last paragraph: the term "characterise" should be clarified precisely. 
Secondly, the authors should clarify here that the approach to investigating isolates used a 
DNA microarray capable of detecting a range of virulence genes, antimicrobial resistance 
genes etc. And can be used to assign isolates to MLST clonal complexes (CCs) and/or 
sequence types (STs). 
(2). Materials and Methods: The provenance of the isolates needs to be clarified in detail. 
Secondly, were any of the 119 isolates tested for methicillin/oxacillin resistance prior to 
microarray testing? 
(3). Results: * The first few lines of the first paragraph should be revised, as they are 
confusing. * Exactly how many MRSA and MSSA isolates were included among the 119 
isolates investigated? * Throughout the text when referring to numbers of isolates as a 
fraction of the total investigated, the percentage should be shown in each case in 
parentheses. * ST72 is not a part of CC8. * Do not use common names throughout the text. * 
Were any other SCCmec genes of interest detected apart from ccrAB4? 
(4). Discussion: An introductory paragraph is required that explains the study and overall 
findings, rather than immediately comparing the study with a study of S. aureus from healthy 
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carriers as the authors have done. Their comparison is ambiguous and confusing. The 
previous study of carriage isolates should be referenced throughout to avoid confusion. 
(5). Table 1: * Common names should be removed from the table. * The column 4 heading 
should be changed to "Number of isolates" * The column 2 heading should be changed to 
"Microarray strain designation" * A footnote should be included to explain that the microarray 
can only classify isolates to the CC level * The term "S. aureus isolates" should be included 
in the table title heading 
Minor Points: As mentioned above, the entire manuscript needs to be edited for English 
language use. I have made a few suggestions below, but the entire text should be revised for 
clarity. 
(1). Introduction, page 2, line 17/18: replace "instance" with "example" 
(2). Materials and Methods, Page 1, paragraph 1: State here how many isolates were tested, 
i.e. 119. Page 1, paragraph 2, line 23/24: "catalase" not "katalase". Also explain what you 
mean by "VITEK-II, bioMerieux" as this is meaningless. 
(3). Results: Page 1, paragraph 2: The complete microarray hybridization data is provided as 
a supplementary file. Paragraph 3: state here how many CCs were identified. 
(4). Abstract: Line 2: "....factors were associated with infections...." Line 8: sak in italics  
Reviewer #2: This work describes a sizeable piece of work investigating the molecular 
characteristics of S. aureus isolated from bone and joint infections in Dresden. The work is 
well performed, adds to the information available in the literature, and is suitable for the 
EJCMID readership. I do have some minor concerns over clarity and consiseness in the 
manuscript. It is therefore my opinion that the work be revised before further consideration. 
Concerns/points to address: line numbering as per PDF copy. 
Abstract line 27-28: incorrect use of "rate" please change. Introduction: paragraphs 1 and 2 
are highly detailed, repetitive and poorly referenced - please reduce to a single paragraph 
effcetively cutting the text here by half. 
Introduction 2nd page, line 18: Not all superantigenic toxins are called enterotoxins - please 
amend the statement as it reads mis-leadingly.
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Introduction 2nd page, 25-28: Ref 3 indicates S. aureus with PVL is associated; NOT 
necessarily just PVL. Please amend. Introduction 2nd page, line 41: "inactive" should be 
"less active" 
Materials and Methods 1st page, lines 10-11: Please state is these are consecutive isolates, 
and which year they were collected.
Results 1st page, Lines 3-6: Re: Duplicate isolates - this is materials and methods 
information, please include it there and not in the results. 
Discussion 1st/2nd page, last line and over the page: This is speculation and could be 
deleted for conciseness. 
Discussion pages 3 and 4: I find the whole section discussing staff and human colonisation 
rather diffuse, it could easily be dramatically reduced to a couple of sentences for the salient 
points. 
Typos/minutae: Abstract line 27-28: higher proportion of CC45, ...higher than what? 
Introduction 1st page, line 9: change "germs" for "bacteria" Introduction 1st page, lines 11-12: 
use of "genes" please correct Introduction 2nd page, lines 10-11: please delete "extremely" 
Results 1st page, Lines 3-6: Please state these are Multi Locus Sequence Typing 
(MLST)clonal complex (CC) designations. Results 1st page, Lines 39-40: should be "multi 
locus sequence types" Results 1st page, Lines 46-47: for corrcetness "detected the spa gene 
region used for spa sequence typing" Results 2nd page, Lines 14-15: "homologue" of what?
delete. Change "were" to "was" Results 2nd page, Lines 19-20: change "deviant" to "variant" 
Results 4th page, Line 5: Apha3 is incorrect nomenclature - please amend Discussion 1st 
page, lines 38-39: swap "to" and "too" around. 
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ANTWORT AN DEN EDITOR 
Dear Dr. van Belkum, 
please allow us to re-submit the modified version of the manuscript Ms. No. EJCMID-D-09-
00577 „Molecular fingerprinting of Staphylococcus aureus from bone and joint infections“. 
We also wish to comment to the comments and suggestions by the reviewers. 
Reviewer (1) wrote that “… the term "characterise" should be clarified precisely. Secondly, 
the authors should clarify here that the approach to investigating isolates used a DNA 
microarray capable of detecting a range of virulence genes, antimicrobial resistance genes 
etc. And can be used to assign isolates to MLST clonal complexes (CCs) and/or sequence 
types (STs).“ 
The paragraph in question has been rewritten, and some explanations on the array have 
been moved from “Materials and methods” to “Introduction”. 
Another comment was that “The provenance of the isolates needs to be clarified in detail.”
The provenance of the isolates has been provided in detail in the supplementary file. We 
assume that this was too much information for the main body of the text. Thus we wish to 
retain it as supplemental file. We added a comment to the paragraph on the strains that 
these data are, indeed, provided in the supplement. Additionally, we slightly changed the 
layout of the supplemental table for more clarity.
He also asked “Secondly, were any of the 119 isolates tested for methicillin/oxacillin 
resistance prior to microarray testing? … Exactly how many MRSA and MSSA isolates were 
included among the 119 isolates investigated?” Regarding these comments, all isolates 
received full susceptibility testing which includes, according to all relevant standards, 
methicillin. A comment has been added to the paragraph on resistance genes. 
Another remark was “The first few lines of the first paragraph should be revised, as they are 
confusing.” Since Reviewer 2 also commented on that paragraph (“Results 1st page, Lines 
3-6: Re: Duplicate isolates - this is materials and methods information, please include it there 
and not in the results.”), it was rewritten and moved to Materials and Methods as suggested 
by reviewer 2.
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Reviewer 1 also remarked “ST72 is not a part of CC8”. Here, the reviewer errs. According to 
the MLST database (current version, as of 2010/01/11, last version from 2009/11/23) ST72 
belongs to CC8. ST8 is 3-3-1-1-4-4-3 and ST72 is 1-4-1-8-4-4-3.
Another comment was “Do not use common names throughout the text.” Vernacular names 
to MRSA epidemic strains have been deleted from the table and from most paragraphs of the 
main body of the text. However, we wish to retain them at least once (in the paragraph on 
Strain Affiliations) as we have the impression that our clinical colleagues were more 
acquainted with these names than with the ST/SCCmec nomenclature. 
Reviewer 1 also asked “Were any other SCCmec genes of interest detected apart from 
ccrAB4” SCCmec-associated genes have been detected in MRSA, in accordance to 
previously described SCCmec types. Some CC8 harboured solely ccrAB4 without being 
positive for mecA. Other SCCmec-associated genes were not found, as shown in the 
supplemental file. We provided the list of genes we searched for in the supplemental file as 
well as all test results. We see no reason in listing all negative results in the main body of the 
text.
Another remark addressed the discussion section (“An introductory paragraph is required 
that explains the study and overall findings, rather than immediately comparing the study with 
a study of S. aureus from healthy carriers as the authors have done. Their comparison is 
ambiguous and confusing. The previous study of carriage isolates should be referenced 
throughout to avoid confusion.”). This chapter has been modified accordingly, and was 
shortened slightly. An introductory paragraph was added
A final major remark was that a” footnote should be included to explain that the microarray 
can only classify isolates to the CC level”. This is not entirely correct. The array cannot 
discriminate sequence types which differ only in single point mutations affecting MLST genes 
(such as ST5 and ST225). However, there are also sequence types which originate from 
gene transfer or hybridization events. As this might result in differences in hybridization 
patterns, such sequence types can be discriminated. Examples are ST72 and ST239 (CC8), 
ST34 (CC30) or ST567 and ST573 (CC1). A sentence has been added to the last paragraph 
of “Materials and Methods” in order to address this issue. 
Minor corrections (“Throughout the text when referring to numbers of isolates as a fraction of 
the total investigated, the percentage should be shown in each case in parentheses”, 
“Common names should be removed from the table“, “The column 4 heading should be 
changed to Number of isolates", “The column 2 heading should be changed to Microarray 
strain designation", The term "S. aureus isolates" should be included in the table title 
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heading“, “Introduction, page 2, line 17/18: replace "instance" with "example", “Page 1, 
paragraph 1: State here how many isolates were tested, i.e. 119“, “Page 1, paragraph 2, line 
23/24: catalase not katalase“, “Explain what you mean by VITEK-II”, “Page 1, paragraph 2: 
The complete microarray hybridization data is provided as a supplementary file.“, “Paragraph 
3: state here how many CCs were identified“, “Line 2:....factors were associated with 
infections....", “Line 8: sak in italics“) were performed according to the suggestions of the 
reviewer. 
Reviewer 2 proposed to reduce the introduction “to a single paragraph effectively cutting the 
text here by half.” The introduction has been significantly shortened by deleting a paragraph 
which did not directly contribute to the overall aim of the study. He also remarked that 
“Introduction 2nd page, line 18: Not all superantigenic toxins are called enterotoxins - please 
amend the statement as it reads mis-leadingly”. This sentence has been changed for clarity.
Another comment was that “Introduction 2nd page, 25-28: Ref 3 indicates S. aureus with 
PVL is associated; NOT necessarily just PVL”. We did not infer that this study indicated a 
sole responsibility of PVL in these conditions but just mentioned that it emphasised its 
importance. Basically, we assume that all PVL-positive S. aureus are of clinical significance, 
AND that PVL-negative S. aureus might also be of the same significance (see discussion 
and our previous papers: Monecke S, Slickers P, Ellington M, Kearns A, Ehricht R (2007) 
High diversity of Panton-Valentine leucocidin-positive, methicillin-susceptible isolates of 
Staphylococcus aureus and implications for the evolution of community-associated MRSA. 
Clin Microbiol Infect 13:1157 and Monecke S, Luedicke C, Slickers P, Ehricht R (2009) 
Molecular epidemiology of Staphylococcus aureus in asymptomatic carriers. Eur J Clin 
Microbiol Infect Dis 28:1159). 
Furthermore, the reviewer asked to “state is these are consecutive isolates, and which year 
they were collected.” This has been stated as required. Concerning the haemolysin beta 
integrating phages and sak, he remarked “This is speculation and could be deleted for 
conciseness” That paragraph has been shortened and rewritten.
The reviewer also wrote that he found “the whole section discussing staff and human 
colonisation rather diffuse, it could easily be dramatically reduced to a couple of sentences 
for the salient points.” We rephrased that paragraph slightly in order to shorten it. However, 
after several discussions with our clinical/orthopaedic colleagues, we assume that these 
results are of relevance for them. While molecular differences between different clonal 
complexes can be interesting for research microbiologists, a surgeon just wants to know 
whether he was responsible for the infection or not, and how to prevent it next time. Data on 
26
the origin of the infection (endogenous versus exogenous) thus might be of relevance for 
infection control and prevention. 
Minor comments or typos (“Abstract line 27-28: higher proportion of CC45-higher than 
what?“, „change germs for bacteria“, „use of genes please correct“, „please delete 
extremely“, „Please state these are Multi Locus Sequence Typing (MLST) clonal complex 
(CC) designations.“, „Results 1st page, Lines 39-40: should be multi locus sequence types 
???”, “Results 1st page, Lines 46-47: for correctness detected the spa gene region used for 
spa sequence typing“, „Results 2nd page, Lines 14-15: homologue of what?-delete. Change 
were to was”, “Results 2nd page, Lines 19-20: change deviant to variant“, „Discussion 1st 
page, lines 38-39: swap to and too around.“, „Abstract line 27-28: incorrect use of rate please 
change.“, „Introduction 2nd page, line 41: inactive should be less active“) have been 
corrected as the reviewer asked.
Finally, he objected that “Apha3 is incorrect nomenclature - please amend”. This has been 
changed to the spelling as in GenBank U51474.1.
On behalf of all authors I want to thank you and the reviewers for your efforts and helpful 
comments. We hope that, after these comments have been addressed, our paper is now 
ready for acceptance for publication in your journal.
Sincerely yours,
Stefan Monecke, on behalf of all authors
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ENDGÜLTIGE ANNAHME
EJCMID: Your manuscript entitled Molecular fingerprinting of Staphylococcus aureus from 
bone and joint infections
Saturday, January 30, 2010 5:21 PM
From: "Editorial Office EJCMID" <EJCMID@springer.com>
To: monecke@rocketmail.com
Ref.: Ms. No. EJCMID-D-09-00577R1
Molecular fingerprinting of Staphylococcus aureus from bone and joint infections
European Journal of Clinical Microbiology & Infectious Diseases
Dear Dr. Monecke,
I am pleased to tell you that your work has now been accepted for publication in European
Journal of Clinical Microbiology & Infectious Diseases
It was accepted on 30-01-2010.




European Journal of Clinical Microbiology & Infectious Diseases
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EIDESSTATTLICHE ERKLÄRUNG
Hiermit erkläre ich an Eides statt, daß ich die vorliegende Arbeit selbst angefertigt habe und 
nur die in der Dissertation aufgeführten Hilfsmittel verwendet habe.
Ich versichere weiterhin, daß diese Arbeit nur an einer Stelle, der Medizinischen Fakultät der 
Technischen Universität Dresden, eingereicht worden ist.
Christian Lüdicke
DOKUMENTATION DES EIGENANTEILS
1. Durchführung aller Laborarbeitsschritte und Dokumentation der Ergebnisse für die 
Kontrollgruppe (wurde separat veröffentlicht, Monecke S, Luedicke C, Ehricht R., 2009,
“Molecular epidemiology of Staphylococcus aureus among asymptomatic carriers from 
Saxony”. Eur J Clin Microbiol Infect Dis 28:1159-65)
2. Alle in der Sektion „Materials and Methods”, Unterpunkt „Array procedures“ 
beschriebenen Arbeiten
3. Beschaffung von Proben und klinischen Daten, Organisation der parallelen Entnahme von 
Nasenabstrichen bei Patienten mit TEP-Infektionen 
4. Dokumentation und Auswertung der Ergebnisse unter Anleitung von Herrn Dr. S. 
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THESEN (DEUTSCH):
Staphylococcus aureus kann bei etwa 25% der gesunden Normalbevölkerung nachgewiesen 
werden, ohne Symptome zu verursachen. Dieser Keim ist jedoch auch einer der wichtigsten 
Erreger bei Osteomyelitis und Infektionen von orthopädischen Implantaten wie z. B. von 
künstlichen Knie- oder Hüftgelenken. Diese Infektionen führen meist zu aufwendigen und 
risikobehafteten operativen Eingriffen sowie zu einer langfristigen Antibiotikagabe.
In der vorliegenden Arbeit sollten S. aureus-Isolate charakterisiert werden, die aus 
Osteomyelitisherden oder infizierten orthopädischen Implantaten gewonnen wurden. Ziel war 
es, die Isolate daraufhin zu untersuchen, ob bestimmte Stämme dominieren und ob das 
Vorhandensein bestimmter Virulenzfaktoren mit einem besonderen Risiko für solche 
Infektionen korreliert.
Für diese Untersuchungen wurden DNA-Arrays eingesetzt, welche es ermöglichen, alle 
relevanten Virulenzfaktoren in einem Experiment nachzuweisen, einen „genetischen 
Fingerabdruck“ zu erheben und die Isolate so Verwandtschaftsgruppen (klonalen 
Komplexen, CC) zuzuordnen. 
Insgesamt wurden 119 klinische Isolate charakterisiert. Sie gehörten zu 20 verschiedenen 
klonalen Komplexen. CC8 (19,3%), CC45 (17,7%) und CC30 (12,6%) dominierten.
MRSA waren selten nachweisbar. Die sieben MRSA-Isolate gehörten zu den lokal 
dominierenden Stämmen (Rhein-Hessen, Süddeutscher, Barnimer und Berliner 
Epidemiestamm sowie Europäischer caMRSA-Klon).
Die Populationsstruktur der klinischen Isolate und die Häufigkeiten der untersuchten 
Virulenz- und Adhäsionsfaktoren entsprachen weitestgehend Isolaten von 
asymptomatischen Trägern, die in einer früheren Studie bestimmt wurden (Molecular 
epidemiology of Staphylococcus aureus in asymptomatic carriers; Monecke, Lüdicke, 
Slickers, Ehricht; Eur J Clin Microbiol Infect Dis. 2009). Es konnte kein molekularer Marker
identifiziert werden, der allein für eine Risikostratifizierung eingesetzt werden kann.
Das Gen für Staphylokinase (sak) war jedoch bei den klinischen Isolaten (90,8%) häufiger 
nachzuweisen als in Isolaten von asymptomatischen Trägern (71,6%). Einige andere Gene
traten ebenfalls bei Patienten häufiger auf, aber waren insgesamt zu selten, um bei 
Osteomyelitis und Implantatinfektionen eine signifikante Rolle zu spielen. Ein Beispiel dafür 
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war das Panton-Valentine Leukozidin, das in 0,7% der Isolate von asymptomatischen 
Trägern und in 3,4% der Patientenisolate gefunden wurde.
CC15 war bei Isolaten von asymptomatischen Trägern häufiger vertreten (16.8%) als bei 
Patientenisolaten (5.9%). Da alle CC15-Isolate sak-negativ waren, könnte auch diese 
Beobachtung als Indiz für einen Zusammenhang zwischen dem Vorhandensein von 
Staphylokinase und Invasivität gewertet werden. 
CC45 war bei Patientenisolaten (17,7%) häufiger als bei den asymptomatischen Trägern
(9,0%) vorhanden. Es konnte jedoch kein CC45-spezifischer Faktor identifiziert werden, der 
mit einer höheren Virulenz im Zusammenhang stehen könnte. 
Des Weiteren sollte untersucht werden, ob S. aureus in infizierten orthopädischen 
Implantaten endogenen Ursprungs ist. Bei 23 Patienten mit Infektionen von Knie- oder 
Hüfttotalendoprothesen konnten parallel Nasenabstriche genommen und untersucht werden. 
Fünfzehn von ihnen (65,2%) waren Träger von S. aureus und bei neun (39,1%) waren die 
Isolate aus Nasenabstrichen und den infizierten Endoprothesen identisch.
Dies weist darauf hin, daß Träger von S. aureus ein erhöhtes Risiko haben, Infektionen von 
Knie- oder Hüfttotalendoprothesen zu erleiden und daß ein großer Teil dieser Infektionen 
endogenen Ursprungs ist. Deshalb sollten Patienten vor Implantation von Knie- oder 
Hüfttotalendoprothesen auf Trägerschaft von S. aureus untersucht werden. Falls S. aureus
nachgewiesen wird, sollte dieser Keim generell präoperativ eradiziert werden, um das Risiko 




Staphylococcus aureus is asymptomatically carried by approximately 25% of a normal 
population. It is also one of the most important causes of osteomyelitis and infections of 
orthopedic implants such as total hip or knee replacements. Such infections usually lead to 
complicated and risky surgical procedures as well as to long-term antibiotic treatment.
In the present work, S. aureus isolates from osteomyelitis or implant infections were to be 
characterised. The aim of the study was to prove whether certain strains were 
overrepresented among patient isolates, and whether the presence of certain virulence 
factors might correlate with these infections.
DNA arrays where used which facilitate to screen for all relevant virulence factors within a 
single experiment and which allow typing by obtaining a genetic fingerprint of the examined 
isolate. By this method, it was also possible to assign isolates to phylogenetic clusters, so-
called clonal complexes.
119 clinical isolates were characterised in this way. They belonged to 20 different clonal 
complexes (CC). CC8 (19.3%), CC45 (17.7%) and CC30 (12.6%) dominated. 
MRSA were rarely detected. The seven MRSA isolates belonged to locally predominant 
epidemic strains (ST5-MRSA-II, ST228-MRSA-I, ST22-MRSA-IV, ST45-MRSA-IV and ST80-
MRSA-IV).
The population structure of the clinical isolates and the relative abundances of the examined 
virulence and adhesion factors corresponded largely to isolates from asymptomatic carriers, 
which has been examined in an earlier study (Molecular epidemiology of Staphylococcus 
aureus in asymptomatic carriers; Monecke, Lüdicke, Slickers, Ehricht; Eur J Clin Microbiol 
Infect Dis. 2009). No molecular maker was detected which could alone be used for risk 
assessment.
The gene for staphylokinase (sak) was clearly more common among clinical isolates (90.8%) 
than in isolates from asymptomatic carriers (71.6%). Some other genes were also found to 
be more common in patient isolates, but were very rare so that a significant role in bone and 
implant infection appeared to be unlikely. An example is Panton-Valentine leukocidin, which 
was detected in 3.4% of patient isolates and 0.7% of carrier isolates. 
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CC15 was more commonly detected among healthy carriers (16.8%), than among patients 
(5.9%). Since all CC15 isolates were negative for sak, this also might be related to a possible 
role of staphylokinase in pathogenesis of invasive disease. 
CC45 was more abundant in patient samples (17.7%) than in swabs of healthy carriers
(9.0%). However, it was not possible to identify a CC45-specific factor which might have 
been related to a higher virulence. 
Another aim of the study was to investigate whether S. aureus from orthopaedic implant 
infections were of endogenous origin. For 23 patients with S. aureus infections of total knee 
or hip prosthetics, it was possible to obtain nasal swabs in order to detect and type possible 
S. aureus carriage strains. Fifteen of them (65.2%) carried S. aureus. In nine patients 
(39.1%), isolates from nasal swabs and foci of infection were identical. 
This indicates that carriers of S. aureus are at risk of developing infections of total knee or 
hip prosthetics, and that a considerable proportion of these infections are of endogenous 
origin. Therefore, patients should generally be screened for S. aureus carriage prior to joint 
replacement. In case of detection, S. aureus should be eradicated in order to decrease the 
risk of endogenous infection. A prospective study is recommended.
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Abstract The objective of the study was to determine if a
clonal complex (CC) of Staphylococcus aureus or certain
virulence and adhesion factors were associated with
infections of bones and prosthetic implants. One hundred
and nineteen isolates were characterised using microarrays.
There was no evidence for a single virulence factor or CC
being causative for bone and implant infections. Isolates
belonged to 20 different CCs, with CC8 (19.33%), CC45
(17.65%) and CC30 (12.61%) being dominant. Population
structure and the relative abundances of virulence genes
was similar to previously described isolates from healthy
carriers. Differences to carrier isolates included a higher
proportion of CC45, a lower proportion of CC15, as well as
a higher abundance of sak (staphylokinase) among patient
isolates. For 23 patients with infections of total knee or hip
prosthetics, it was possible to simultaneously obtain nasal
swabs. Fifteen (65.2%) carried S. aureus in their anterior
nares. In nine of them (39.1%), isolates from the infection
site were identical to carriage isolates. This suggests an
elevated risk of infection for S. aureus carriers and the
possibility of endogenous infection in a high proportion of
them. Therefore, the pre-operative screening and eradica-
tion of S. aureus in patients receiving total joint prosthetics
should be considered.
Introduction
Infections of bone tissue are a highly relevant issue in
orthopaedics and trauma surgery. Due to comparatively
poor blood circulation, infecting bacteria are well protected
against the host immune defences, as well as against
intravenously administered antibiotics. Thus, these patho-
gens are able to cause protracted or chronic infections,
which can barely be cleared by the host and which pose a
therapeutic problem. Additionally, the foci of infection can
easily decrease the mechanical stability of the bone,
resulting in pathological fractures. Other complications
include secondary bacteraemia and sepsis or deformation
and ankylosis of joints, resulting in permanent disability.
An especially critical problem is the infection of joint
endoprostheses. Because of the increasing average age of
the population in industrialised countries, the number of
patients carrying such prosthetics, including total knee
arthroplasty (TKA) and total hip arthroplasty (THA), is
steadily increasing. The infection of a TKA or THA is
arguably one of the most difficult problems in orthopaedic
surgery. For the patients, these infections mean a protracted
illness with an uncertain outcome, while the hospital must
deal with an incalculable economic risk.
While a variety of bacteria can cause bone infections,
Staphylococcus aureus is one of their most relevant causes.
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It is common, with about 25% of the population being
asymptomatic carriers. S. aureus carries a variety of different
virulence and adhesion factors which might be of relevance
in this kind of infection. It harbours, for example, super-
antigenic toxins, some of which are called enterotoxins, as
they can also cause food poisoning. Isolates from osteomy-
elitis have been found to commonly produce enterotoxins
[1]. Another superantigen, toxic shock syndrome toxin
(encoded by tst1), is known to cause septic polyarthritis in
an animal model [2]. A recent study emphasised the role of a
bi-component leukocidin (Panton–Valentine leukocidin,
PVL) in cases of osteomyelitis and arthritis [3]. S. aureus
also carries several different adhesion factors, so-called
microbial surface components recognising adhesive matrix
molecules of the host (MSCRAMMs, [4]). Because of the
presence of a variety of toxins [5, 6], it can be regarded as
more virulent than most other bacteria causing infections of
bone and joint endoprostheses, such as coagulase-negative
staphylococci. Its ability to form biofilms [7] and to persist in
bone as metabolically less active small-colony variants [8–
11], as well as its tendency to acquire drug resistance, are
obstacles to effective antimicrobial chemotherapy. For these
reasons, infections caused by S. aureus usually require
aggressive therapy approaches, i.e. removal and delayed re-
implantation [12], accompanied by long-term antimicrobial
chemotherapy.
Because of the high number of bacterial genes involved, it
would be extremely labourious to use polymerase chain
reaction (PCR) in order to genotype clinical strain collections
in detail. For that reason, we employed microarrays (Staphy-
Type by CLONDIAG) to detect ca. 180 relevant genes (and
alleles thereof) in patient isolates from the Dresden University
Hospital, Germany. Thus, it was possible to simultaneously
detect species markers, resistance genes, genes encoding
exotoxins and adhesion factors, as well as SCCmec, capsule
and agr group typingmarkers. Furthermore, it was possible to
assign the isolates to clonal complexes based on the analysis
of hybridisation patterns and comparison to a database of
reference strains which have been previously subjected to
multi-locus sequence typing (MLST) [13, 14].
Materials and methods
Bacterial isolates and DNA preparation
One hundred and nineteen S. aureus isolates were obtained
from routine diagnostics at the Dresden University Hospi-
tal, Germany. All aspirates and intraoperative swabs were
considered, for which a diagnosis of osteomyelitis, Brodie
abscess or of infections of TKA, THA or other implants
(osteosynthesis with any metal plates, pins, rods, wires or
screws) was determined. Isolates were collected consecu-
tively in 2005–2006. Isolates from implant infections, for
which parallel nasal swabs were taken, were obtained
consecutively in 2008–2009. After the exclusion of copy
strains (multiple, completely identical isolates from one
individual patient), 119 isolates from 117 patients with a
variety of bone infections were characterised. This included
46 cases of foreign body infections, two cases of infections
of bone transplants, 14 intraosseous abscesses, as well as
three cases of skin/soft tissue infections with involvement
of the bone and ten cases of bursitis. For 26 patients with
TKA or THA infections, it was possible to obtain additional
nasal swabs. Sixteen of them yielded S. aureus. Details on
the diagnosis and provenance for each single isolate are
provided in the Electronic supplementary material.
S. aureus were cultured and subjected to conventional
identification (Gram stain, catalase, coagulase, DNAse
assays), as well as to biochemical profiling and suscepti-
bility tests using an automated commercial system (Vitek 2,
bioMérieux, Nuertingen, Germany). For microarray hybrid-
isations, sub-cultures of single colonies were grown on
Columbia blood agar and incubated overnight at 37°C.
Lysis procedures and protocols have been described
previously [13, 14]. In short, culture material was
suspended in a lysis buffer (lysostaphin, lysozyme, ribonu-
clease A, Tris-HCl, Triton X-100 and water). After 45 min
of incubation on a shaker, proteinase K and buffer AL (both
from the DNeasy kit, QIAgen, Hilden, Germany) were
added. After another incubation step, the sample was
processed using the QIAgen tissue lysis kit. Finally, the
quality of DNA samples was checked using concentration
measurement at 260 nm. Gel electrophoresis and ethidium
bromide stain were performed to prove that DNA was
neither fragmented nor contaminated with RNA.
Array procedures
The DNA array, as well as the protocols and procedures,
have been previously described in detail [13, 14], and is
now commercially available (StaphyType by CLONDIAG).
The array covers 334 target sequences, which correspond to
approximately 180 distinct genes and their allelic variants.
Target genes (as well as hybridisation results) are listed in
the Electronic supplementary material. The primer and
probe sequences have been published previously [13, 14] or
can be provided on request.
DNA samples were used as templates in a linear primer
elongation using one primer per target. All targets were
amplified simultaneously, and within this step, biotin-16-
dUTP was incorporated into the resulting amplicons. The
amplicons were then hybridised to the microarray, followed
by washing and blocking steps. Next, horseradish-
peroxidase-streptavidin conjugate was added. After the
incubation and washing steps, hybridisations were visual-
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ised by adding a precipitating dye (Seramun Green,
Seramun, Heidesee, Germany). Finally, an image of the
microarray was taken and analysed using a designated
reader and software script (CLONDIAG, Jena, Germany).
The affiliation of isolates to clonal complexes (CC) and/or
to sequence types (ST) as defined by MLST [15] was
determined by an automated comparison of hybridisation
profiles to previously MLST-typed reference strains [13, 14].
Generally, the array allows the identification of clonal
complex affiliations, but cannot discriminate sequence types,
which differ in mutations affecting MLST genes (such as ST5
and ST225). However, sequence types which probably
originate from gene transfer or hybridisation events can yield
characteristic hybridisation patterns, allowing their discrimi-
nation. An example is ST239, which is derived from CC8
[16], but which yields a clearly discernible hybridisation
pattern [14].
Results
Affiliation to CCs and strains
Isolates belonged to 20 different CCs (as defined by MLST
[15]; http://saureus.mlst.net/). An overview of clonal
complex affiliations is provided in Table 1.
The most common CC was CC8 (19.3%, no MRSA, no
PVL-positive isolates). Two of these 23 isolates displayed
divergent hybridisation patterns. However, they belonged to
sequence types which are part of CC8 according to the MLST
database (http://saureus.mlst.net/). One of these isolates
yielded a hybridisation pattern as previously described [13,
14] for ST239, but lacked any SCCmec-associated genes.
spa-typing of that isolate was not possible, since spa primers
[17] failed to detect the spa gene region used for sequencing.
The spa-specific probe did not yield a hybridisation signal.
The other atypical CC8 isolate belonged to ST72, which
differs from other CC8 in several features, such as the
presence of the enterotoxin gene cluster egc (seg, sei, sem,
sen, seo, seu) and the presence of different alleles of several
adhesion factors (fnbB, sasG, sdrC, sdrD, vwb).
The second most abundant CC was CC45 (17.6%). This
included 20MSSA isolates and one ST45-MRSA-IV (“Berlin
Epidemic MRSA”). There were no PVL-positive CC45
isolates.
Other common clonal complexes were CC30 (12.6%, no
MRSA, no PVL), CC101 (7.6%, no MRSA, no PVL) and
CC5 (6.7%, no PVL-positive isolates but including one
isolate of ST228-MRSA-I, “South German Epidemic
MRSA” and three isolates of CC5-MRSA-II, “Rhine-Hesse
Epidemic MRSA/UK-EMRSA-3”).
All other isolates belonged to a total of 15 different CCs,
with all of them comprising less than 7% of isolates
(Table 1). Two of these isolates were MRSA, belonging to
ST22-MRSA-IV (“Barnim Epidemic MRSA/UK-EMRSA-
15”) and ST80-MRSA-IV (“European community acquired
MRSA clone”), respectively.
The four PVL-positive isolates belonged to CC22-
MSSA, ST80-MRSA-IV, ST96-MSSA and CC121-MSSA.
The tst1-positive isolates belonged to either CC30-MSSA
(12 isolates) or ST426-MSSA (two isolates).
Virulence factors
The complete microarray hybridisation data are provided as
a supplementary file.
The most abundant enterotoxin genes were those of the
enterotoxin gene cluster egc (seg, sei, sem, sen, seo, seu),
which were present in 62 out of 119 isolates (52.1%). Other
common virulence factors included the genes encoding
enterotoxins C and L (sec and sel; in 20 isolates, 16.8%),
enterotoxin B (seb; ten isolates, 8.4%), toxic shock syndrome
toxin (in 14 isolates, 11.8%) and an enterotoxin homologue
(ORF CM14, GenBank U10927.2, in 11 isolates, 9.2%).
Most isolates carried beta-haemolysin integrating phages,
with the beta-haemolysin gene hlb being truncated or
interrupted in 115 isolates (96.6%). Among phage-borne
genes, staphylokinase (sak) was the most common, with 108
(90.8%) being positive. Two distinct alleles of enterotoxin A
were found (sea in 16 isolates, 13.4%, and sea-N315 in 14
isolates, 11.8%).
PVL genes were found in four isolates (3.4%). These
patients suffered from a phlegmone of the knee, a
postoperative abscess of the femur, a knee empyema after
contact with family members carrying the same PVL-
MRSA and from bursitis, respectively.
The bi-component leukocidin homologue lukD+lukE
was found in 75 isolates (63.0%). However, isolates of
CC15, CC101 and ST426 yielded signals with only one out
of both components, which might be indicative of the
presence of deviant, yet unsequenced alleles. CC9, CC30,
CC45 and CC59 were generally negative for lukD+lukE, as
well as the single isolate of ST228-MRSA-I.
The ACME locus (arginine metabolic locus, arcA, arcB,
arcC, arcD) was found in three isolates (2.5%), all of them
being CC8-MSSA. Exfoliative toxins were rare (etA in three
isolates, 2.5%, and etD in nine isolates, 7.6%). These isolates
were not associated with symptoms of the scalded skin
syndrome. etD was always accompanied by edinB (epider-
mal cell differentiation inhibitor B), being detectable in all
CC25 and CC80 isolates.
Biofilm genes and capsule types
Biofilm-related genes icA, icC and icD were detected in all
isolates, whereas another biofilm-associated gene, bap, was
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always absent. The more predominant capsule type was
8 (capH8, capI8, capJ8, capK8). It was found in 71 isolates
(59.7%) belonging to CC7, CC12, CC15, CC30, CC45,
CC59, ST80, CC88, ST96, CC101, CC121, ST239 and
ST426. All remaining isolates belonged to capsule type 5.
Capsule type 1 was not detected.
MSCRAMM genes
The presence of two MSCRAMM genes, cna (encoding the
collagen adhaesin) and sasG (gene for S. aureus surface
protein G), showed a clear relation to clonal complex
affiliations. cna was detected in 52 isolates (43.7%), which
all belonged to CC12, CC22, CC30, CC45, CC96, CC121,
ST239 and ST426. Except for a single cna-negative ST426
isolate, all isolates of these clonal complexes were positive
for this gene. sasG was present in 50 isolates (42.4%). It
exclusively occurred in CC5, CC8, CC15, CC22, ST49,
CC59, ST80, CC88 and ST96.
All other MSCRAMM genes (bbp, clfA, clfB, ebh, ebpS,
eno, fib, fnbA, fnbB, map, sdrC, sdrD and vwb) essentially
were found in all clonal complexes. However, in many
cases, allelic variants could be recognised which were
specific for certain clonal complexes. In a small number of
isolates, deletions occurred. For instance, bbp was absent
from a small number of CC12, CC25, CC30 and CC45
isolates, although it was detectable in a majority of isolates
belonging to these clonal groups.
Resistance genes
The most abundant resistance marker was the beta-lactamase
operon (blaZ, blaI, blaR), which was present in 64.7% of
isolates. SCCmec elements were rare; seven isolates (5.9%)
were mecA-positive and, phenotypically, methicillin-
resistant. Interestingly, five methicillin-susceptible isolates
carried ccrA/B-4 genes without being mecA-positive (CC8).
Erythromycin/clindamycin resistance genes ermA and ermC
were present in seven (5.9%) or 11 isolates (9.2%), respec-
tively. Genes encoding aminoglycoside-modifying enzymes
were rare. The gene responsible for gentamicin/tobramycin
resistance, aacA-aphD, was found in four isolates (3.4%),
Table 1 Clonal complex and strain affiliations of tested Staphylococcus aureus isolates
Clonal complex Strain designation based on microarray hybridisation Number of isolates Percentage
CC8 CC8-MSSA 21 17.65
ST72-MSSA 1 0.84
ST239-MSSA 1 0.84
CC45 CC45-MSSA 20 16.81
ST45-MRSA-IV 1 0.84
CC30 CC30-MSSA 15 12.61
CC101 CC101-MSSA 9 7.56
CC5 CC5-MSSA 4 3.36
ST5-MRSA-II 3 2.52
ST228-MRSA-I 1 0.84
CC25 CC25-MSSA 8 6.72
CC15 CC15-MSSA 7 5.88
CC12 CC12-MSSA 6 5.04
CC22 CC22-MSSA 3 2.52
ST22-MRSA-IV 1 0.84
CC7 CC7-MSSA 3 2.52
CC121 CC121-MSSA 3 2.52
CC9 CC9-MSSA 2 1.68
CC49 CC49-MSSA 2 1.68
ST426 ST426-MSSA 2 1.68
CC20 CC20-MSSA 1 0.84
CC59 CC59-MSSA 1 0.84
CC80 ST80-MRSA-IV 1 0.84
CC88 ST88-MSSA 1 0.84
CC96/154 ST96-MSSA 1 0.84
CC97 CC97-MSSA 1 0.84
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one of them being an MRSA (ST228-MRSA-I). The
tobramycin resistance gene aadD was detected in six isolates
(5.0%), including two isolates of the CC5-MRSA-II. The
genes aphA-3+sat (a transposon encoding resistance towards
neo-/kanamycin and streptothricin) was present in three
isolates (ST45-MRSA-IV, ST228-MRSA-I and ST80-
MRSA-IV). Other rare resistance determinants included tetM
(in two isolates, 1.7%), tetK (four isolates, 3.4%) and far1
(one isolate, 0.8%, ST80-MRSA-IV).
Comparison of TKA or THA isolates to nasal swab isolates
For 23 patients with S. aureus infections of total knee or hip
prosthetics, it was possible to obtain nasal swabs in order to
detect and type possible S. aureus carriage strains (Table 2).
Fifteen of them (65.2%) carried S. aureus in their anterior
nares.
Five patients (21.7%) had one strain in the arthroplasty,
but another in the nasal swab. The arthroplasty of one
patient was infected with two CC25 strains which,
however, were identical in all markers except for the beta-
lactamase operon. This patient carried a completely
different strain in the nose.
In eight patients (34.8%), strains from the infection site
were identical to the carriage isolates. In one additional
case, two strains (CC8- and CC97-MSSA) were found at
the site of the infection. The CC8-MSSA was identical to
one out of two different CC8-MSSA strains also found in
his nasal swab.
Discussion
When genotyping S. aureus isolates from bone and
prosthetics infections, a wide variety of exotoxin genes
and virulence factors was detected. While the staphyloki-
nase gene sak and the enterotoxin gene cluster egc were
present in a majority of isolates, none of the “classical”
enterotoxin genes or PVL were conspicuously common.
In order to assess the significance of virulence factors,
their relative abundances were compared to data on S.
aureus isolates obtained from healthy carriers from the
same geographical area [18]. Clear differences affected only
staphylokinase (sak), PVL genes and enterotoxin B (seb).
The gene encoding staphylokinase (sak) was detected in
71.6% of carriers [18] and in 90.8% of patients. It was
found in 83% of skin and soft tissue infection isolates [19].
Thus, the presence of sak might be related to a higher
invasiveness of S. aureus in humans. Staphylokinase forms
complexes with plasminogen, resulting in the formation of
active plasmin which, as a proteolytic enzyme, might,
indeed, facilitate the entry of staphylococci into the deeper
host tissues [20]. Interestingly, sak is situated on a prophage
which integrates into the beta-haemolysin gene [21–23].
Therefore, infection of an S. aureus isolate with a phage has
an impact on virulence and plays a role in determining the
course of the interaction of S. aureus with its human host.
By the transmission of sak, the phage apparently compen-
sates for any adverse effects it might cause, such as the
inactivation of the beta-haemolysin. PVL was detected in
0.65% of carriers [18], but in 3.36% of patients. This means
that it is associated with clinical disease but it is, by far, too
rare to be the sole significant factor in the pathogenesis of
bone infections. It is known to be highly associated with
skin and soft tissue infections [24], being detectable in as
much as 30% of abscess isolates [19]. Indeed, the four
patients with PVL-positive isolates from the present study
had soft tissue infections encroaching the bone. The
enterotoxin B gene seb was found in 3.9% of carriage
[18] but in 8.4% of patient isolates. This could also mean
that it was associated with disease, but was too rare to be
the sole factor responsible. Concerning other virulence
factors as well as capsule types, differences to carrier
isolates [18] were insignificant. Some enterotoxins were
slightly more common in patients (sea, egc, ORF CM14),
whereas others were more prevalent in carriage isolates
(tst1, sed+sej+ser). Several MSCRAMM genes were also
more common among healthy carriers (bbp, sasG, sdrD).
A wide range of different clonal complexes of S. aureus
was found to be involved in bone infections. Altogether, 20
different CCs were detected. When comparing CC affili-
ations of bone isolates to typing data on S. aureus isolates
obtained from healthy carriers from the same geographic
area [18], generally, a similar pattern can be observed. CC8
and CC30 dominate in both populations. CC15, which was
very common (16.77%, [18]) among healthy carriers, was
rather rarely detected in bone infections (5.88%). This
could indicate a comparatively low virulence or a lesser
potential to cause invasive infection. Noteworthy is that not
a single CC15 isolate was found to carry sak. On the other
hand, CC45 was more common among bone infections than
among healthy carriers [18]. Since there was no obvious
difference in toxin carriage, this observation could theoret-
ically be related to the presence of a gene or gene cluster
which was not yet covered by the DNA array. Another
explanation could be a different regulation or expression of
a virulence factor which was also found in other strains.
This could be clarified by expression studies. Another
possibility could be a difference in physiology, such as a
better ability to cope with anaerobic conditions or to form
small colony variants (SCV). Thus, it would be interesting
to type known SCV lines in order to determine the
prevalence of CC45. A potentially higher invasiveness of
CC45 deserves further study, especially because there are
important epidemic MRSA strains from that lineage (CC45-
MRSA-II, CC45-MRSA-IV).
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The similarity of population structures of S. aureus
isolates from healthy carriers [18] and patients suggests
either an endogenous infection or (in the case of surgical
patients) an iatrogenic transmission. A local transmission of
skin flora during the surgical procedure might play a role
in, e.g. S. epidermidis infections, but S. aureus usually does
not colonise intact skin [25]. When typing isolates from
total knee or hip prosthetics in parallel to nasal swab
isolates, in as much as 65% of these patients, a nasal
colonisation with S. aureus was found. This is a higher
proportion than in a normal population (about 30%, see
[26]). Approximately half of these carriers had the same
strain in the site of the infection as in their anterior nares.
Therefore, we assume that a low-level bacteraemia origi-
nating from colonised body sites might contribute to
endogenous infections, especially under stressful conditions
such as during major surgery. However, a high proportion
of patients did not carry S. aureus at all, or they had other
strains in their nares than at the infection site. It would be
premature to assume that all of these infections originated
from the colonising flora of the surgical staff. This might
certainly happen in some cases, as in patient O-109 from
Table 2, who had a typical hospital-associated MRSA strain
in an arthroplasty infection (ST5-MRSA-II, which is one of
the predominant strains in the region where the study was
conducted [13]). The high proportion of S. aureus carriers
among patients with TKA/THA infections might indicate
that these people could more easily be colonised or infected
by S. aureus than the average population. They also could
carry multiple strains, which might not have all been
detected by taking a single nasal swab, or they might be
colonised at other body sites. In order to resolve this issue,
it would be necessary to follow a large patient population
over a rather long time-span and to obtain multiple and
repeated screening samples of patients, as well as of
surgical staff. Since TKA/THA infections are not that
common, a prospective study would be extremely elaborate
and time-consuming. An easier option would probably be
just to intervene pre-emptively. These measures would
include the detection and eradication [27, 28] of any S.
aureus carriage among patients prior to orthopaedic
surgery. Since S. aureus carriers appear to be especially at
risk, the prolongation of perioperative antibiotic prophy-
laxis and the use of additional techniques for decreasing the
Table 2 Parallel typing of arthroplasty and nasal swab isolates
Patient ID Arthroplasty Nasal swab
O-103 CC20-MSSA CC5-MSSA
O-105 CC22-MSSA Identical CC22-MSSA
O-106 CC25-MSSA and CC15-MSSA No S. aureus detectable
O-107 CC8-MSSA Identical CC8-MSSA
O-108 CC8-MSSA Identical CC8-MSSA
O-109 ST5-MRSA-II CC30-MSSA
O-110 CC8-MSSA Identical CC8-MSSA
O-111 CC15-MSSA Identical CC15-MSSA
O-112 CC45-MSSA Identical CC45-MSSA
O-113 Two different CC25-MSSA isolates
(differing only in presence of blaZ operon)
CC8-MSSA
O-114 CC101 Identical CC101
O-115 CC97-MSSA and CC8-MSSA Two different CC8-MSSA, one of them identical
to the CC8-MSSA from the arthroplasty
O-116 CC8-MSSA No S. aureus detectable
O-117 ST49 Identical ST49
O-118 CC7 ST5-MRSA-II
O-119 CC8-MSSA No S. aureus detectable
O-120 CC30 No S. aureus detectable
O-121 CC72 No S. aureus detectable
O-122 CC12 No S. aureus detectable
O-123 CC15-MSSA No S. aureus detectable
O-124 CC45-MSSA CC8-MSSA
O-126 CC45-MSSA No S. aureus detectable
O-127 CC30-MSSA CC22-MSSA
462 Eur J Clin Microbiol Infect Dis (2010) 29:457–463
risk of infection (adhesive incise drape, jet lavage, laminar
flow etc.) should be considered. Finally, staff surveillance
should target not only MRSA, but any S. aureus.
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Bone Isolates: 
Patient ID Sample Number Diagnosis/provenance Ribos. STAU gapA katA CoA nuc1 proteinA sbi sarA saeS vraS agrI agrII agrIII agrIV
CC8-MSSA
O-004 V36957 Re-implantation TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-006 V37597 Osteomyelitis/ Diabetic foot syndrome POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-026 V05274 Pseudarthrosis, chronic fistula POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-044 V13025 Bursitis POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-048 V04081 Spondylitis, abscess (vertebral column) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-054 V15867 Sepsis, empyema (hip) POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-055 V17678 Osteomyelitis/ Diabetic foot syndrome POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-063=O-064 V20083 Osteitis, Femur POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-066 V33200 Abscess after fracture of acetabulum POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-067 V21772 Ostitis, tibia, postoperative infection  POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-079 V28196 Osteosynthesis (fibula) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-083 V33454 Putrid arthritis POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-085 V30268 No details available POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-103 V40444 Paravertebral  abscess POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-104 V10553 Joint empyema (finger) POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-107 V11477A Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-108 V11219 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-110 V20282 Joint empyema / TKA, fistula POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-115 V23625 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-116 V24730 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-119 V41732 Joint empyema / THA, fistula POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
ST239-MSSA
O-011 V38901 Chronic osteomyelits POS POS POS POS POS NEG POS POS POS POS POS NEG NEG NEG
ST72-MSSA
O-121 V46124 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
CC25-MSSA
O-053 V16648 Spondylodiscitis, abscess (psoas) , sepsis POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-076 V28730 Bursitis olecrani POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-084 V28757 Bursitis praepatellaris POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-088 V31926 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-090=O-091 V31924 Joint empyema POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-106 V10474 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-113 V21436 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-113 V32963 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC20-MSSA
O-103 V10503 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
CC97-MSSA
O-115 V23630 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC59-MSSA
O-028 V06209 Osteomyelitis/ Diabetic foot syndrome POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
CC45-MSSA
O-005=O-049 V37759=V01791 Abscess (ankle), pathol. fracture POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-007 V38118 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-0112 V21620 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-012 V39523 Joint empyema POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-016=O-018 V40212=V00810 Empyema (hip) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-029 V06210 Empyema (hip) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-033 V08249 Abscess, osteosynthesis (vertebral column) POS POS POS POS POS AMB POS POS POS POS POS NEG NEG NEG
O-042 V12319 Spinal abscess, sepsis POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-050 V14733 Empyema (elbow) POS POS POS POS POS AMB POS POS POS POS POS NEG NEG NEG
O-052 V16162 Osteomyelitis POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-065 V20676 Chronic infection (ankle) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-070 V24290 Joint empyema POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-073 V25463 Joint empyema (toe) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-074 V33333 Spinal and psoas abscess POS POS POS POS POS POS POS POS POS POS AMB NEG NEG NEG
O-095 V38083 Joint empyema (shoulder) and multiple abscesses POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-097 V39765 Infection and necrosis of talus POS POS POS POS POS POS POS POS POS POS AMB NEG NEG NEG
O-098 V39823 Bursitis praepatellaris POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-100 V00223 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS AMB NEG NEG NEG
O-124 V19338 Joint empyema / THA, fistula POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-126 V29700 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
ST45-MRSA-IV Berlin EMRSA
O-020 V01452 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
ST426-MSSA
O-002 V35870 Joint empyema POS POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG
O-040 V11972 Joint empyema / THA POS POS POS POS NEG AMB POS POS POS POS POS NEG NEG NEG
CC22-MSSA
O-019 V00958 Phlegmon (knee) POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-025 V05722 Coxitis POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-105 V10885 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
ST22-MRSA-IV Barnim/UK-EMRSA-15
O-046 V14596 Infection (vertebral column) POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
CC101-MSSA
O-024 V04770 Infection of re-implanted fragment of the skullcap POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-027 V05367 Osteomyelitis/fistula (foot) POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-056 V18328 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-058 V19282 Coxitis, necrosis, and septicaemia POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-061 B04521 Spondylodiscitis, abscess (psoas) , sepsis POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-077 V26309 Joint empyema (knee) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-081=O-082 V26787 Joint empyema POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-087 V31583 Joint empyema (knee), Bursitis praepat. POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-114 V22956 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
ST7-MSSA
O-094 V37495 Phlegmon (hand) POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-118 V39870 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-101 V03111 Osteolytic os cuneiforme POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
CC5-MSSA
O-001 V35817 Abszess/Phlegmon, osteomyelitis (knee) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-032 V08178 Infection (ankle) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-075 V25894 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-080=O-096 V28309=V39465 Bursitis olecrani, osteomyelitis (elbow) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
ST228-MRSA-I South German EMRSA/Italian Clone
O-057 V19001 Infection of osteosynthesis (pelvic bones) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
ST5-MRSA-II Rhine-Hesse EMRSA/UK-EMRSA-3
O-022 V03312 Bursitis prapat. POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-045 V13052 Infected bone transplant POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-109 V16387 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC9-MSSA
O-037 V08971 Paravertebral abscess POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-059 V18965 Infection (Phalangeal joint) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC15-MSSA
O-023 V04153 Osteitis (tibia) POS POS POS POS POS POS POS POS POS POS AMB POS NEG NEG
O-034=O-035 V08414=V08414 Osteomyelitis (toe) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-072 V25731 Osteomyelitis (calcaneus) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-092 V33340 Fistula, after osteosynthesis (Iliosacral joint) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-106 V10474 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-111 V20357 Pathological fracture / THA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-123 V17920 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC12-MSSA
O-003 V36224 Joint empyema (hip) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-017 V00113 Joint empyema (hip) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-038 V09715 Infection, osteosynthesis (tibia) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-047 V14557 Osteosynthesis after sternotomy POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-093 V36422 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-122 V48006=V48282=V4828Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC49-MSSA
O-039 V09262 Osteitis (femur) POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
O-117 V26825 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC80-MRSA-IV European caMRSA Clone
O-062 V061915 Empyema (Knee) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
ST88-MSSA
O-043 V12754 Joint empyema (knee), infection of osteosynthesis POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
ST96-MSSA
O-036 V08535 Abscess  (femur), THA POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
CC30-MSSA
O-008 V38775 Empyema (shoulder) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-014 V40476 Para/praevertebral abscess POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-031 V07744 Bursitis POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-041 V12063 Brodie abscess (femur) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-051 V15852 Septic arthritis (finger) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-060 V19060 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-068 V21978 Joint empyema (shoulder) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-069 V23383 Bursitis praepatellaris POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-071 V25734 Infection (ankle) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-078 V26103 Chronic osteomyelitis (tibia) POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-089 V31758 Abscess (tibia) POS POS POS POS POS POS POS AMB POS POS NEG NEG AMB NEG
O-099 V40871 Bursitis POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-120 V48291 Joint empyema / THA POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-125 V28975 Joint empyema / osteosynthesis POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
O-127 V32748 Joint empyema / TKA POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
CC121-MSSA
O-009=O-010 V38782 Brodie abscess (tibia) POS POS POS POS POS POS POS POS POS POS NEG NEG NEG POS
O-015 V40426 Joint empyema POS POS POS POS POS POS POS POS POS POS AMB NEG NEG POS
O-086 V31149 Bursitis (knee) POS POS POS POS POS POS POS POS POS POS AMB NEG NEG POS
N Positive isolates (Absolute number) : 119  119  119  119  117 115  119  118 119 119 70  25  17  3  
% Positive isolates (Percent) : 100,00 100,00 100,00 100,00 98,32 96,64 100,00 99,16 100,00 100,00 58,82 21,01 14,29 2,52
Nasal Swabs:
Patient ID Sample Number Ribos. STAU gapA katA CoA nuc1 proteinA sbi sarA saeS vraS agrI agrII agrIII agrIV
CC8-MSSA
O-115 V23898A POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-115 V23898B POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-113 V32389 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-110 V20819 POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-124 V19340 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-108 V11690 POS POS POS POS POS POS POS POS POS POS POS NEG NEG AMB
O-107 V11681 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC45-MSSA
O-112 V22021 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC22-MSSA
O-105 V11242 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
O-127 V33138 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC101-MSSA
O-114 V23173 POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG
CC5-MSSA
O-103 V10492 POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
ST5-MRSA-II Rhine-Hesse EMRSA/UK-EMRSA-3
O-118 V40833=V40834 POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC15-MSSA
O-111 O-111N POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
ST49-MSSA
O-117 V27377 POS POS POS POS POS POS POS POS POS POS NEG POS NEG NEG
CC30-MSSA
O-109 V16380 POS POS POS POS POS POS POS POS POS POS NEG NEG POS NEG
POS  = Positive AMB  = Ambiguous NEG  = Negative
























































































































































































NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG AMB
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG AMB POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS NEG POS NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
7 7 7 1 1 1 5 6 6 3 3 3 3 3 3 3 3 0 7 2 2 0 1 3 5 
5,88 5,88 5,88 0,84 0,84 0,84 4,20 5,04 5,04 2,52 2,52 2,52 2,52 2,52 2,52 2,52 2,52 0,00 5,88 1,68 1,68 0,00 0,84 2,52 4,20






NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS NEG NEG NEG POS POS POS POS POS POS POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG


















































































































































































bla - operon 
total
ermA ermB ermC linA msrA mefA mpbBM vatA vatB vga vgaA vgb aacA-aphD aadD aphA_3 sat dfrA
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG NEG POS
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG POS
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG AMB NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG POS POS NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS AMB AMB POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
77 76 76 77 7  11  0  0  0 0 0  0  0  0  0  4  6  3  3  2  
64,71 63,87 63,87 64,71 5,88 9,24 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 3,36 5,04 2,52 2,52 1,68
blaZ blaI blaR
bla - operon 
total
ermA ermB ermC linA msrA mefA mpbBM vatA vatB vga vgaA vgb aacA-aphD aadD aphA_3 sat dfrA
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG





















































































































































































mupR tetK tetM tetEfflux cat-pC221 cat-pC223 cat-pMC524
cat-
pSBK203R
cfr fexA fosB fosB-plasmid qacA qacC qacC-equine qacC-SA5 qacC-Ssap qacC-ST94 vanA vanB vanZ
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG POS NEG POS NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG AMB POS POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG AMB NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
1 0 0  4  2  109 0 1 0 1 0 0 83 0 5 0 0 0 0 0 0  0  0  





mupR tetK tetM tetEfflux cat-pC221 cat-pC223 cat-pMC524
cat-
pSBK203R
cfr fexA fosB fosB-plasmid qacA qacC qacC-equine qacC-SA5 qacC-Ssap qacC-ST94 vanA vanB vanZ
POS NEG NEG POS NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG AMB NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG

















































































































































































tst1 seA seA-320E 
seA-N315
(aka seP)
seB seC seL seD seJ seR seE seG seI seM seN seO seU seH seK seQ ORF CM14
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG POS AMB NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG NEG NEG NEG POS NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG NEG NEG NEG AMB POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS NEG POS NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG AMB POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS NEG POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS AMB POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG AMB POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS AMB NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
POS POS NEG NEG NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS AMB AMB NEG NEG NEG NEG
NEG POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG AMB POS NEG NEG NEG POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG AMB NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG POS NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG POS NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG POS NEG POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG POS AMB POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS POS POS AMB NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS AMB POS NEG NEG NEG NEG
POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS AMB POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS AMB AMB NEG NEG NEG NEG NEG
NEG POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG POS
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG POS
NEG NEG NEG NEG POS NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG POS
14  16  0  14  10  20  20  15  15  14  0  62  62  62  61  56  59 0 5 5 11 
11,76 13,45 0,00 11,76 8,40 16,81 16,81 12,61 12,61 11,76 0,00 52,10 52,10 52,10 51,26 47,06 49,58 0,00 4,20 4,20 9,24
tst1 seA seA-320E 
seA-N315
(aka seP)
seB seC seL seD seJ seR seE seG seI seM seN seO seU seH seK seQ entCM14
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG POS POS POS NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG POS POS NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG POS POS POS POS AMB POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG POS NEG NEG NEG NEG NEG NEG NEG POS POS POS POS POS POS NEG POS POS NEG
NEG NEG NEG POS NEG NEG NEG POS POS POS NEG POS POS POS POS POS POS NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG
NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG NEG




















































































































































































hlgA lukF_PV lukS_PV lukF_PV_P83 lukM lukD lukE
lukD and/or 
lukE







POS POS NEG POS NEG NEG NEG NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS AMB NEG POS NEG POS
POS POS POS POS NEG NEG AMB NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS NEG POS NEG NEG AMB NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS NEG POS NEG NEG NEG NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS NEG NEG POS NEG POS
POS POS NEG POS NEG NEG NEG NEG POS POS POS NEG POS NEG POS POS POS POS POS POS AMB NEG NEG POS NEG POS
POS POS AMB POS NEG NEG AMB NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS POS POS NEG NEG AMB NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS NEG POS NEG NEG AMB NEG POS POS POS POS POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS POS POS NEG NEG NEG NEG POS POS POS NEG AMB NEG POS AMB POS POS POS POS POS POS NEG POS NEG POS
POS POS POS POS NEG NEG NEG NEG AMB POS POS POS POS NEG AMB POS POS POS POS POS POS POS NEG POS NEG POS
POS POS AMB POS NEG NEG NEG NEG POS POS POS AMB POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
POS POS POS POS NEG NEG NEG NEG POS POS POS NEG POS NEG POS POS POS POS POS POS POS POS NEG POS NEG POS
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Abstract Microarrays were used to extensively characterise
155 Staphylococcus aureus isolates obtained from asymp-
tomatic carriers from Saxony, Germany, in order to de-
termine clonal complex affiliation, as well as the carriage of
clinically relevant genes. Isolates belonged to 20 different
clonal complexes (CCs). The most common CC was CC8
(18.71%), followed by CCs 15, 30 and 45. Three isolates
(1.94%) were methicillin-resistant S. aureus (MRSA). Beta-
lactamase was common (70.97%), but other resistance genes
were found only sporadically. Genes encoding superantigens
were abundant. The enterotoxin cluster egc was found in
45.81% of isolates. The toxic shock syndrome toxin gene tst
was detected in 14.84% of isolates and 17.42% harboured
enterotoxin A alleles (sea, sea-N315). Contrarily, Panton-
Valentine leukocidin (lukS/F-PV) was rare, being found in
only one methicillin-susceptible CC30 isolate. Its low
prevalence in asymptomatic carriers might emphasise a
pathogenetic significance in patients with skin and soft
tissue infections. Most microbial surface components recog-
nising adhesive matrix molecules of the host (MSCRAMMs)
genes were nearly ubiquitously present. However, two
MSCRAMM genes, cna (collagen adhesin) and sasG
(surface protein G), were detected in only some CCs. These
data provide an insight into its pathogenesis, especially when
compared to isolates from patients with defined clinical
conditions. They might also be helpful for the design of a
future vaccine.
Introduction
Staphylococcus aureus can be found in the anterior nares of
a great proportion of a healthy human population. The
prevalence is approximately 30% [1]. However, S. aureus is
also able to cause a variety of skin and soft tissue infections
and debilitating or even fatal diseases, such as pneumonia,
necrotising fasciitis and septicaemia. It can also produce
toxins which cause toxin-mediated conditions such as toxic
shock syndrome or food intoxications.
It is a challenge to define which genetic factors
determine whether an encounter between a human and S.
aureus results in asymptomatic carriage or in clinical
disease. Recent studies [1–3] indicated that there was no
fundamental difference between infecting and colonising S.
aureus populations. This emphasised the role of host
factors, such as immunity or the presence of synthetic
implants, and of accidental factors, such as injury.
In the present study, we used microarrays in order to
characterise S. aureus isolates obtained from asymptomatic
carriers. In this way, we determined the presence of a
variety of target genes, including resistance determinants,
as well as toxin genes and other virulence factors.
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Additionally, the detection of allelic variants of core variable
elements, such as agr and hsdS genes, capsule determinants
and genes encoding microbial surface components recognis-
ing adhesive matrix molecules of the host (MSCRAMMs),
allowed to characterise the overall genetic background of




For this study, we characterised 155 isolates of S. aureus from
three different groups of carriers. Isolates were collected
between 2005 and 2008 in Dresden in Saxony, Germany.
The first group (77 isolates from nasal swabs) were junior
medical students, who had not yet worked with hospitalised
patients.
The second group (67 isolates) comprised patients who
were admitted because of conditions unrelated to S. aureus
infection. Nasal swabs of patients suffering from stroke,
intracerebral haemorrhage or trauma were taken on admis-
sion as part of a methicillin-resistant S. aureus (MRSA)
screening programme. In case of cataract surgery, conjunc-
tival swabs were taken as pre-operative screening.
The third group (11 isolates from nasal swabs) com-
prised of employees of a biomedical facility. Samples were
taken as part of a quality control scheme in order to
guarantee the absence of pathogenic bacteria from the
products of that company.
Cultures were grown (overnight, 37°C) on Columbia
blood agar. S. aureus was cloned by picking single colonies
and re-cultured. Culture material was harvested and lysed
using lysostaphin, lysozyme, ribonuclease A and proteinase
K (for concentrations and further details, see [4]). DNAwas
purified using Qiagen EZ1 according to the manufacturer’s
tissue lysis protocol.
Array procedures
DNA arrays used for this study, as well as related pro-
cedures and protocols, have been previously described in
detail [4, 5]. This microarray covers 332 different target
sequences, corresponding to, depending on the nomenclature,
approximately 185 distinct genes and their allelic variants. It
includes species markers, resistance genes, exotoxins,
MSCRAMM genes, as well as SCCmec, capsule and agr
group typing markers. The target genes are listed in
Supplement 1. The primer and probe sequences have been
published previously [4] and are available upon request.
All targets were amplified simultaneously, using a linear
primer elongation with one primer per target. Within this
step, biotin-16-dUTP was incorporated into the resulting
amplicons, which were subsequently hybridised to the
array. This was followed by washing and blocking steps.
Table 1 Prevalence rates of clonal complexes (CCs) and of selected genes among Staphylococcus aureus from asymptomatic carriers (tr = truncated;
these isolates had a truncated egc locus)
Clonal complex Number of isolates Percent mecA blaZ/I/R ermA ermC aacA-aphD aadD aphA3 sat dfrA
CC8 29 18.71 25 2 9 4
CC15 26 16.77 20
CC30 25 16.13 21 1 1
CC45 14 9.03 1 11 1 2 2
CC101 11 7.10 1
CC22 8 5.16 1 6 1
CC25 8 5.16 6
CC121 7 4.52 4 1
CC7 6 3.87 5
CC5 4 2.58 1 3 1 1
CC12 4 2.58
CC1 2 1.29 2
CC20 2 1.29 2
CC6 1 0.65
CC9 1 0.65 1 1 1
CC59 1 0.65 1
CC97 1 0.65
CC182 1 0.65 1
CC426 1 0.65
CC573 1 0.65 1
Undetermined CC (agr I) 1 0.65 1
Undetermined CC (agr II) 1 0.65
Total 155 100 3 110 3 12 2 7 2 2 1
Percent 1.94 70.97 1.94 7.74 1.29 4.52 1.29 1.29 0.65
mupR tetK fosB qacA qacC tst sea sea-N315 seb sec/sel sed/sej/ser egc seh
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Horseradish-peroxidase-streptavidin conjugate was added
to the array, followed by incubation and washing. Then,
Seramun Green precipitating dye (Seramun, Heidesee,
Germany) was added. Finally, an image of the microarray
was recorded and analysed using a designated reader and
software (ATR01, IconoClust, both by CLONDIAG, Jena,
Germany).
The affiliation of isolates to CCs was determined by the
comparison of hybridisation profiles to previously typed
multilocus sequence typing (MLST) reference strains [4].
Results and discussion
A complete overview of the microarray hybridisation data
is provided as a supplementary file and a simplified sum-
mary of the CC affiliations and gene carriage within CCs is
provided in Table 1.
Isolates belonged to twenty different CCs. Two isolates
were not typeable. The most common CC was CC8,
followed by CCs 15, 30 and 45 (Table 1). Fifty-five
isolates (35.48%) carried capsule type 5 genes (capH/I/J/K-
5). This included all isolates of CCs 5, 8, 9, 20, 22, 25, 97,
182 and 573. Another 100 isolates (64.52%) were positive
for capsule type 8 (capH/I/J/K-8). Eighty-four isolates
(54.19%; CCs 6, 7, 8, 20, 22, 25, 45, 59, 97, 101, 182,
426, and one unidentified) belonged to agr group I. There
were thirty-six agr group II isolates (23.23%; CCs 5, 9, 12,
15 and 573), twenty-eight agr group III isolates (18.06%;
CCs 1, 30 and one unidentified), as well as seven agr group
IV isolates (4.52%; exclusively CC121).
The most common resistance gene was the beta-
lactamase gene blaZ (accompanied by blaR and blaI),
which was detected in 110 (70.97%) isolates. The details,
as well as the data on other resistance genes are provided in
Table 1 and in Supplement 1.
Only three isolates (1.94%) proved to be MRSA. One
isolate sampled from a 30-year-old male patient belonged to
ST22-MRSA-IV (UK-EMRSA-15/Barnim epidemic strain).
Another MRSA isolate was sampled from a 62-year-old
female patient with underlying haematological condition and
history of hospitalisations. This isolate was a ST-45-MRSA-
IV (Berlin epidemic strain). The third MRSA isolate was
sampled from a 52-year-old male haematology patient who
also had a history of repeated hospitalisations; it belonged to
ST5-MRSA-II (UK-EMRSA-3/Rhine-Hesse epidemic
strain). Additionally, five isolates harboured genes usually
belonging to SCCmec elements without being positive for
mecA and associated genes (mecR, mecI, ugpQ). These
included four CC8 isolates carrying ccrA/B-4 genes and the
ST182 isolate which was positive for ccrA/B-2 and the kdp-
operon.
Apparently, common MRSA strains do not necessarily
derive from common CCs. The most abundant CCs in this
Table 1 (continued)
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1 3 116 4 3 23 16 11 6 19 24 73 5
0.65 1.94 74.84 2.58 1.94 14.84 10.32 7.10 3.87 12.26 15.48 47.10 3.23
Clonal complex sek/seq lukF/S-PVL lukD and/or lukE hlIII sak chp scn eta etb etd edinB
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study were CC8, 15 and 30. To our knowledge, there is no
description of a MRSA strain from, e.g. CC15, while CC8
and CC30 produced several widespread and clinically
important MRSA clones. This suggests that the abundance
of a CC, i.e. the probability for it to come into contact with
a potential donor of a mobile genetic element, was not the
only factor influencing its chance to evolve into MRSA.
Thus, further studies should investigate whether there were
functional differences between different CCs, affecting, e.g.
the ability to integrate SCCmec elements.
Some genes encoding superantigens were common. An
example is the enterotoxin cluster egc (seg, sei, sem, sen, seo
and seu), which was detected in 71 isolates (45.81). In
another two isolates (1.29%), it was truncated (seo and sem+
seo). Enterotoxin A (sea) was found in 17 isolates (10.32%),
and an allele of it, designated sea-N315 or sep, was present
in another 11 isolates (7.10%). The gene encoding toxic
shock syndrome toxin (tst) was detected in 23 isolates
(14.84%) that belonged to CCs 8, 30, 45 and 426, with
CC30 being predominant.
Other studies also found similar prevalence rates for
enterotoxins and tst in carriage isolates [2, 3], and a similar
high rate of tst-positive S. aureus among carriers (9%) has
been noted in Japan [6]. The abundances of most virulence
markers (except for PVL, see below) are also very similar
(Fig. 1) to the frequencies of these markers in previously
tested abscess isolates [7]. There are different possible
interpretations for this observation. Enterotoxins and tst
might simply not play any significant pathogenetic role in
skin and soft tissue infections, and their prevalence in
patients merely reflected the situation in healthy carriers.
Alternatively, they could have the same function in carriers
as well as in patients, e.g. to trigger the apoptosis of
leucocytes on intact mucous membranes or within minor
foci of inflammation, helping the bacteria to persist. This
might also explain why superantigens are abundant, while
superantigen-mediated disease, such as toxic shock syn-
drome is rare. The latter could then be attributed to host
factors such as the absence of antibodies, to massive
systemic effect of the toxin and, in the case of menstrual
toxic shock, to non-physiological conditions created by the
presence of hyper-absorbent tampons.
On the other hand, Panton-Valentine leukocidin genes
(lukF/S-PV) were found only once (0.65%) in a methicillin-
susceptible CC30 isolate which additionally carried tst,
enterotoxins C and L, and the egc cluster. This is essentially
the same prevalence as found for carriers in a recent Dutch
study [8]. In abscess patients, PVL was much more
common (30% [7] to 38.9% [8]). Thus, the presence of
PVL more reliably corresponds to a clinical condition,
while the detection of other virulence factors did not allow
drawing a distinction between infecting and colonising
strains. Because of the low rate of asymptomatic PVL
carriage, PVL-positive S. aureus should be regarded as
Table 1 (continued)
Clonal complex sek/seq lukF/S-PVL lukD and/or lukE hlIII sak chp scn eta etb etd edinB
CC8 2 29 29 28 4 28
CC15 26 26 26 26
CC30 1 25 14 12 15
CC45 14 13 13 13
CC101 11 11 10 10
CC22 8 8 8
CC25 7 8 8 8 8 8 8
CC121 7 7 7 2 7 2 1
CC7 6 6 5 5
CC5 4 4 4 4 4
CC12 4 4 3 3
CC1 1 2 2 2 2
CC20 2 2 2 2 2
CC6 1 1 1 1
CC9 1 1 1 1
CC59 1 1 1 1
CC97 1 1 1 1
CC182 1 1 1 1
CC426 1 1 1 1 1
CC573 1 1
Undetermined CC (agr I) 1 1 1 1
Undetermined CC (agr II) 1 1 1
Total 4 1 102 146 111 84 140 2 1 8 8
Percent 2.58 0.65 65.81 94.19 71.61 54.19 90.32 1.29 0.65 5.16 5.16
edinC bbp clfB cna fib fnbA fnbB map sasG sdrC sdrD
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obligatory pathogens rather than as occasional or accidental
pathogens. Whether this was due to PVL itself or to another
co-expressed factor [9], or to a combination of both, still
needs to be clarified experimentally.
Some virulence factors always clustered together. This
included enterotoxin genes sec+sel, sed+sej+ser and
sek+seq, as well as genes encoding the epithelial cell
differentiation inhibitors B (edinB) and the exfoliative toxin
etd.
The haemolysin gamma cluster (lukS, lukF and hlgA)
was detected in all isolates, although isolates from CCs 22
and 45 harboured deviant alleles, as indicated by reactivity
with a probe derived from GenBank sequence EF672356
[4]. Other haemolysin genes hl (SACOL0921 in COL,
SA0780 in N315), hla and hld were detected in all
isolates, and hlIII (SACOL2160, SA1973) was found in
146 isolates (94.19%). This could be an indication for a
divergent allele, most notably in CC22. Leukocidin genes
lukD/lukE were both present in 73 isolates (47.10%). In
another 29 isolates-belonging to CCs 6, 15, 20, 101, 121
and 426-only one out of the two components were de-
tectable. This could also be indicative of the presence of
deviant alleles.
The ACME locus (arcA/B/C/D) was found in four
isolates (2.58%) which belonged to CC8 as the USA300
epidemic strain (ST8-MRSA-IV) where this gene cluster
has originally been detected [10]. Genes of the ssl/set
clusters were present in all isolates, yielding hybridisation
patterns specific for the respective CCs (Supplement 1, [4]).
Biofilm genes icaA/icaC/icaD were present in all
isolates; bap (biofilm-associated protein) was always
Fig. 1 Comparison of the prevalence rates of virulence factors found
in this study (black) to abscess isolates from a previous study ([7],
grey). *For lukD/E, the percentage of isolates being positive for both
components is indicated (solid bar), as well as the proportion of
isolates in which only one out of the two components was detectable
Table 1 (continued)
edinC bbp clfB cna fib fnbA fnbB map sasG sdrC sdrD
29 29 29 29 29 29 29 29 29
26 26 26 26 26 26 26 26 22
24 25 22 25 24 6 25 23 25
13 14 14 13 14 14 14 14 12
10 9 11 11 11 11 11 10
7 8 8 8 8 5 5 8 8 8
6 8 8 8 7 8 8 6
1 7 7 6 7 7 5 7 7 5
6 6 6 6 6 6 6 6
4 4 4 4 4 4 4 4 4
4 3 4 4 4 4 4 4 4
2 2 2 2 2 2 1 2 2 2
2 2 2 2 2 1 2 2 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1
1 1 1 1 1 1
1 147 152 62 154 154 127 149 77 153 140
0.65 94.84 98.06 40.00 99.35 99.35 81.94 96.13 49.68 98.71 90.32
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absent. MSCRAMM genes clfA (clumping factor gene A),
ebh (endothelial cell binding protein), ebpS (cell surface
elastin binding protein), eno (enolase/laminin binding
protein) and vwb (von Willebrand factor binding protein)
were ubiquitous. MSCRAMM genes, which were not
always present, are listed in Table 1. While the absence of
most of these genes was probably due to random deletions
and not related to CC affiliations (e.g. bbp, which was
absent from two out of eight CC25 isolates), two
MSCRAMM genes, cna (collagen adhesin) and sasG
(surface protein G), were present only in isolates of certain
CCs. The latter gene was found in 77 isolates (49.68%).
This is remarkable as its S. epidermidis homologue aap
appears to be more prevalent (around 90%, [11]). Possible
explanations are a truly different functionality in S. aureus
or the presence of a divergent, currently unsequenced and
undetectable, allele of sasG in some CCs. One strain
(Sanger MRSA 252) from such a CC (CC30) has been fully
sequenced, and it did not harbour such a sasG allele. Since
a single strain might not be representative, more genome
data from the apparently sasG-negative CCs are needed.
Generally, MSCRAMM genes, genes of the ssl/set
clusters, as well as agr and capsule genes yield results
specific for CCs (allowing to assign a given isolate to a CC,
[4]). Whether a CC affiliation (reflecting the actual allelic
variant of the core genome) in itself is of pathogenetic
significance is not yet clear, although allelic variations of
core genome markers such as MSCRAMMs may result in
different functionalities. On the other hand, superantigens,
PVL, genes associated with beta-haemolysin converting
phages (sak, scn, chp), as well as resistance genes, are
apparently randomly distributed across diverse CCs. This
can, of course, be explained by their usual location on
mobile genetic elements (phages, plasmids, transposons,
SCC- or ‘pathogenetic island’-like elements). Thus, a
molecular epidemiology of S. aureus infection needs to
take into account not only two co-evolving populations
(humans and S. aureus), but three (humans, S. aureus core
genome and, separately, S. aureus mobile elements).
Screening for toxin genes by polymerase chain reaction
(PCR) avoids the issue of CC affiliation, while MLST is not
able to determine toxin gene carriage. For practical
purposes, the multitude of relevant factors requires a
DNA array approach, and the proposed technology allows
the rapid screening of significant numbers of clinical
isolates.
While our study provides insight into the epidemiology
of S. aureus in asymptomatic carriers in southeastern
Germany, further work should focus on carriers from other
regions, as the epidemiological situation might be different
in different locations. This is indicated by a study on S.
aureus carriage in remote Australian communities [12]. In
this setting, CCs 1, 5 and 45 predominated. CCs 8, 15, 25,
101 and 121, as well as some others, were also found in
smaller numbers.
Data on the epidemiology of S. aureus carriage might
provide an insight into its pathogenesis, especially when
compared to isolates from clearly defined pathological
conditions. Knowledge of the relative abundances of
virulence factors and surface molecules might also be helpful
for the design of a future vaccine.
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